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INTRODUCTION 


As a student interested in the rapidly changing and expanding field of elec- 
tricity and electronics, you will find that Electricity and Electronics provides 
the fundamentals in easy-to-understand language. 

Electricity and Electronics employs a dual approach to learning: 

1. Experimentation and demonstration to assure thorough understanding of 
the principles. The instructional material is arranged to provide continuity 
in learning and challenging learning situations. 

2. Practical application of developed principles and skills by constructing 
inexpensive, professional-appearing projects. The projects have proven 
appeal. In addition, each project has been thoroughly shop and laboratory 
tested. 

Electricity and Electronics is divided into six parts. Each part begins with 
an overview of the chapters to be covered and ends with a summary and sum- 
mary questions. In addition, each chapter is divided into sections. At the end 
of each section, review questions are provided for the material just covered. 

When you have successfully completed this textbook and your course, you 
should have a thorough understanding of the concepts of electricity and 
electronics. 

A bright outlook for the electronics industry in the future translates into 
opportunities for specialized education and a lifetime of challenging and 
rewarding employment. 


Howard H. Gerrish 
William E. Dugger, Jr. 
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SAFETY PRECAUTIONS FOR THE 
ELECTRICITY/ELECTRONICS SHOP 


There is always an element of danger when working with electricity. Observe 
all safety rules that concern each project. Be particularly careful not to con- 
tact any live wire or terminal, regardless of whether it is connected to either 


a low voltage or a high voltage. Projects do not specify dangerous voltage 
levels. However, keep in mind at all times that it is possible to experience 
a surprising electric shock under certain circumstances. Even a healthy person 
can be injured or seriously hurt by the shock or what happens as a result of 
it. Do not fool around. Working with electricity can be fun, but it can also 
be dangerous! 
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THE TECHNOLOGY OF THE 
INFORMATION AGE 


We live in the age of a third revolution. It is known 
as the Information Revolution. This is a time when 
information and computers greatly influence our lives. 

The first revolution was one of agricultural advances. 
This revolution began hundreds of years ago. Society, 
from its very beginning, was agricultural. Through the 
Agricultural Revolution, more food and better farm- 
ing and production methods were developed. 

The second revolution began in the mid 19th Cen- 
tury. Industry caused the economic base to shift from 
farm to mill, from country to city. This was called 
the Industrial Revolution. The key result of the 
Industrial Revolution, however, was not its products. 
It was the increased use of science and technology. 

The study of science meant knowledge gained by 
study and practice. This scientific knowledge was then 
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used to study ways of changing or working with the 
environment to make life better. This is known as 
technology. 

Science and technology used during the Industrial 
Revolution created a strong base. This base is used in 
the current Information Revolution. The items pro- 
duced now are moving toward supplying services, such 
as communications systems and transportation. The 
Information Revolution has given us a computer-based 
economy. The technology of electricity and electronics 
made computers possible. 

In the past 25 years, we have witnessed some out- 
standing progress in electronics. Fig. 1 shows the past, 
present, and future of invention and innovation in elec- 
tronics from 1920 up to the year 2000. Great change 
has taken place and, most likely, will continue to do so. 
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Fig. 1. Innovation and invention life cycle are shown by decades. 
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It is now possible to produce integrated circuits with 
the space to store more than a million bits of data on 
a single microchip. Fifth generation computers run at 
amazing speeds and may one day emulate human 
reasoning. Semiconductors now switch electrical signals 
on and off in 5.8 trillionths of a second..Lasers can 
be used to transmit 20 billion bits of information per 
second over a 42 mile length of fiber optic cable. That 
is roughly equal to sending the entire text of ten 
30-volume encyclopedias in one second. See Fig. 2. 

Personal microcomputers now have more computing 
power than the first electronic computer, ENIAC. In 
addition, they are 20 times faster than ENIAC. They 
have a much larger memory. They are thousands of 
times more reliable. They consume the power of a small 
light bulb, rather than that of a locomotive. They 
occupy 1/30,000 of the space. And they cost 1/10,000 
the price of ENIAC, Fig. 3. 


ELECTRICITY AND ELECTRONICS 
IN TECHNOLOGY 


There are many ways electricity and electronics are 
used in our world. Three areas in which both are used 
to further technology are information systems, com- 
munication systems, and transportation systems. 


TEKTRONIX 

Fig. 2. The information this woman is researching could be 

sent to her computer in less than one second. This makes future 
research less time consuming. 


INFORMATION SYSTEMS 


The computer has become the current counterpart 
of the steam engine. Like the steam engine that brought 
on the Industrial Revolution, the computer has been 
a key force in the Information Revolution. This is 
because the computer is an information machine. 

Businesses use computers to obtain and send out a 
great deal of information. Computers can help 
businesses provide more complete and responsive 
services, Fig. 4. Computers can also assist hospitals 
in providing better health care. Manufacturers seek- 
ing lower costs, while improving the quality of their 
products, use computers, Fig. 5. City, county, state, 


== 
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Fig. 3. Desktop computers are smaller, quicker, and cheaper 
than the first electronic computer, ENIAC. 


OMRON 
Fig. 4. Touch screen monitors increase worker productivity. 
This allows product orders to be filled and shipped in less time. 


The Technology of the Information Age 


and federal governments keep costs down by using 
information generated by computers. Schools use com- 
puters in teaching. Farmers use computers to raise more 
healthy crops and livestock, while making the best use 
of feeds and equipment. Individuals use computers to 
manage personal finances, improve education, and play 
games, Fig. 6. For these and many other needs, com- 
puters can be a key part of the answer. 


EMERSON ELECTRIC 


Fig. 5. These computers are produced using the just-in-time 
manufacturing process. With this process, only the parts 
needed for one day of work are kept on hand. Information 
systems help keep a record of what is needed and when. 


COMMUNICATION SYSTEMS 


In its most basic sense, communication is the pro- 
cess of transmitting and receiving messages so that the 
receiver (destination) understands the message the 
sender (source) sent. Electronics provides a medium 
for communication. The telegraph, developed in the 
1830s, started communication by electrical signals 
rather than by the five senses used until then. 

In 1948, Claude E. Shannon proposed that com- 
munication systems contain a few basic elements. 
Warren Weaver expanded on Shannon’s theory in 1949. 
A diagram of the Shannon-Weaver communication 
model is shown in Fig. 7. It is the basis for modern 
electronic communication. 

We communicate today using many electronic 
devices, such as telephones, televisions, radios, 
phonograph recordings, computers, and recording 
tapes, Fig. 8. Electronic communication will be 
explored in more detail later in this text. 

Communication brings us closer. Without it, we 
become isolated. Electronics makes modern com- 
munication possible. 
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Fig. 6. Computers can teach us and entertain us at the same 
time. This program shows the complexities of running a city. 
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Fig. 7. Shannon-Weaver communication model. 
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IDENTITY SYSTEMS TECHNOLOGY INC. 
Fig. 8. Communication through computers is the fastest grow- 
ing sector in the communication field. 


TRANSPORTATION SYSTEMS 


Transportation involves moving goods or people 
from one place to another. Electricity and electronics 
help make a great deal of transportation possible. Elec- 
tronic communication systems aid pilots of aircraft 
when communicating with those on the ground, Fig. 


9. Pilots also use electronic navigational systems found 
on modern aircraft to plan the safest flight routes. 
Computers are used to provide automatic pilot options 
when the jet is in the air. 

Automobiles have detailed electronic devices that 
work everything from air-conditioners to fuel systems. 
See Fig. 10. Elevators use electronics to operate safe- 
ly. Other ground transportation systems such as trains 
and subways could not operate without using electricity 
and electronics. 

These three systems are only a few of the many uses 
for electricity and electronics in the Information Age. 
As technology expands, the uses for electricity and elec- 
tronics will also expand. 


MILESTONES AND EVENTS IN 
ELECTRICITY AND ELECTRONICS 


There have been many inventions and developments 
in electricity and electronics over the years. Scientists, 
engineers, technicians, and teachers have contributed 
to the constant progress. 

A chart showing the major discoveries, inventions, 
and developments in electricity and electronics over the 
past two centuries is shown in Fig. 11. This chart does 
not list everything, but it does attempt to highlight the 
major events. 


NASA 


Fig. 9. In efforts as delicate as space travel, superior communication systems are a must. 
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FUNDAMENTALS OF ELECTRICITY 
AND ELECTRONICS TECHNOLOGY 


1 Science of Electricity and Electronics 

2 Conductors, Insulators, and Semiconductors 
3 Sources of Electricity 

4 Basic Circuits 

5 Series, Parallel, and Combination Circuits 


The science and technology of electricity is not quite 
two centuries old. Yet in this short time period, much 
has been developed and accomplished. The founders 
of the field of electricity, Oersted, Faraday, Maxwell, 
Ampere, and Volta, would be astonished if they could 
observe the current marvels of their creative inquiry 
and curiosity. 

The first five chapters of ELECTRICITY AND 
ELECTRONICS were developed to give the reader a 
broad scientific and technological knowledge and 
historical understanding of the fundamentals of direct 
current electricity. (Concepts, circuits and theory 
relating to alternating current electricity are presented 
in Chapters 6 through 12. These, then, are followed 
by a study of solid-state electronics.) 

Chapter 1 is the Science of Electricity and Elec- 
tronics. It explores the origin of the electron, how it 
can be moved along in a circuit or remain at rest, as 
in static electricity. In addition, voltage and electric cur- 
rent will also be explained. 

Chapter 2 presents the basic building blocks of elec- 
tricity. It is titled Conductors, Insulators, and Semicon- 
ductors. The theory of current flow is presented, along 
with an in-depth discussion of resistance. Insulators 
and semiconductors are also introduced. 

There are six basic sources where electricity is 
generated. Most of these are explained in Chapter 3, 
Sources of Electricity. The process of generating elec- 
tricity from one of these sources produces the impor- 
tant movement of electrons in a circuit. 

Basic circuits are covered in Chapter 4, along with 
Ohm’s Law and Watt’s Law. You will also learn about 
electrical circuit controls, loads, and conductive 
pathways in this chapter. 

Chapter 5 explores the three fundamental circuits: 
series, parallel, and combination. i 
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Oxygen atom with equal numbers of protons, 
neutrons, and electrons. 


ye 


Unlike charges attract each other. 


Like charges repel each other. 


The whole science and technology of electricity revolves around the nature of matter and a few prin- 
ciples. All matter is made up of electrical particles. Some are positively charged, some negatively charged 
and some are neutral. Like particles repel each other and unlike charges attract. 
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After studying this chapter, you will be able to: 

El Identify the relationship between elements and 
compounds. 

E Construct a model of an atom. 

E Discuss the concepts of atomic weight and atomic 
number. 

E State the Law of Charges and explain it using 
examples. 

E Explain what is meant by electric current. 


You are fortunate to live in an age in which the 
opportunity exists to study the electron. New 
discoveries, developments, and applications in elec- 
tronics occur almost daily. These open a promising 
vista of unlimited opportunities for the creative scien- 
tist, as well as for the skilled technician. We are living 
in a truly electronic age. 


1.1 THE NATURE OF MATTER 


The scientist tells us that everything is made up of 
matter. MATTER may be defined as anything which 
occupies space or has mass. 

Some matter differs from other matter by frequent 
observable characteristics or properties. It may differ 
in color, taste, or hardness. These characteristics per- 
mit us to identify the various forms of matter. Some- 
times observable characteristics will not permit iden- 
tification of a substance. It is then necessary to make 
a chemical analysis to determine its nature and 
behavior. Most materials we use are made of a com- 
bination of various kinds or mixtures of matter. 


LESSON IN SAFETY: The experimenter, the ~ 


technician, the scientist, and the engineer, must respect 
the power of electricity. Although voltages used in proj- 
ects and experiments described in this book are not 
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dangerous to a normal, healthy individual, there is 
never an excuse for carelessness. 

In the basic study of the electron theory, it must be 
understood that some types of elementary matter exist 
as mixtures. Further effort to break this matter into 
parts by chemical decomposition will produce no 
further change in the characteristics of, the matter. 
These simple forms of material have been called 
ELEMENTS. Scientists have made further subdivisions 
of the elements by physical forces, such as those 
generated in the “atom smasher.” 

Our concern, however, is the nature of an element. 
There are many of them. Some familiar elements are 
iron, copper, gold, aluminum, carbon, and oxygen. 
Chemists have isolated over ninety different kinds of 
elements existing in nature and several more found in 
their laboratories. A COMPOUND is a mixture of two 
or more elements. 


MOLECULE AND THE ATOM 


If you were to take a crystal of table salt and cut 
it in half, you would have two parts, but both would 
be common salt. Salt is a chemical compound of 
sodium (Na) and chlorine (Cl) or NaCl. In your 
imagination you might conceive the further division 
of the crystal of salt until it could not be divided again. 
This question has disturbed scientists and philosphers 
for hundreds of years. Can a particle of matter -be 
divided to the point that if it is divided again it will 
disappear? 

In science, the smallest particle that can exist and 
still retain the properties of the original compound or 
element is called a MOLECULE. Referring again to 
the crystal of salt, even though the salt has been divided 
to the smallest particle that can exist by itself, it is still 
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a compound of sodium and chlorine. So this tiny par- 
ticle must consist of two parts; one of sodium and one 
of chlorine. The molecule of salt would no longer be 
salt if it were divided. However, if a molecule of an 
element was subdivided, the parts would be all alike. 
These tiny particles of an element are named ATOMS. 

The smallness of just one molecule will stagger your 
imagination. If you began filling a small match box 
with molecules at the rate of ten million per second, 
it would take you over a billion years to fill the box! 

The word atom is derived from the Greek word 
meaning indivisible. It was not until recent years that 
the atom was divided into parts. It is not within the 
scope of this text to describe the chemical and physical 
reactions that take place when an atom is “split.” 
However, it is important to learn some things about 
the structure of an atom. See Fig. 1-1 for a chart show- 
ing the relationship of matter, elements, compounds, 
atoms, and molecules. 


ELECTRONS — PROTONS — NEUTRONS 


Physicists have discovered that atoms are composed 
of minute particles of electricity. The center of each 
atom is the NUCLEUS. It contains positively charged 
particles of electricity called PROTONS, and also 
neutral (neither positive or negative) particles. Most 
of the mass or weight of the atom is in its nucleus. 
Surrounding the nucleus, in rapidly revolving orbits, 
are negatively charged particles of electricity called 
ELECTRONS. 

The structure of the atom may be compared to the 
solar system, where the sun is at the center, like the 
nucleus. The planets (Earth, Venus, Mars, etc.) revolv- 
ing around the sun may be compared to the whirling 
electrons in orbit. The whirling electrons or planetary 
electrons are kept from falling into the center by cen- 
trifugal force. Normally for each proton in the nucleus 
there is one electron in orbit. The positive and negative 
charges cancel, leaving the atom electrically neutral. 
The atomic structure of each element may be described 
as having a fixed number of electrons in orbit. 
Examples of the atomic structure of two common 
elements are displayed in Fig. 1-2. 

All elements are arranged in order in the Periodic 
Table of Elements according to their basic ATOMIC 
NUMBER. That is the number of electrons in the 
orbits. Or they may be arranged by their ATOMIC 
WEIGHT, which is the approximate number of pro- 
tons and neutrons in the nucleus. Referring again to 
Fig. 1-2, the atomic weight of hydrogen is one (scien- 
tifically 1.008), and its atomic number is one. The 
atomic weight of oxygen is sixteen; its atomic number 
is eight. 
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ELEMENTS: 
Pure forms of matter 


Smallest part of 
a compound 


Electrons: 
Negative part of atom 


Protons: 
Positive part of atom 


Neutron: 
Neutral part of atom 


Other parts 


Fig. 1-1. Relationship between matter, elements, compounds, 
atoms, and molecules. 
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HYDROGEN 
ATOMIC WEIGHT 1 
ATOMIC NO. 1 


OXYGEN 
ATOMIC WEIGHT 16 
ATOMIC NO. 8 


Fig. 1-2. The atomic structure of hydrogen and oxygen. 
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IONIZATION 


Usually an atom remains in its normal state unless 
energy is added to it by some exterior force such as 
heat, friction, or bombardment by other electrons. 
When energy is added to the atom, it will become 
excited. Electrons which are loosely bound to the atom 
in the outer rings or orbits may leave the atom. If elec- 
trons leave the balanced or neutral atom, then there 
is a deficiency of electrons and the atom is no longer 
in electrical balance. The atom is then said to be 
IONIZED. If the atom has lost electrons, which are 
negative particles of electricity, the atom then would 
be a positively charged or POSITIVE ION. If the atom 
gained some electrons, then the atom would be 
negatively charged or a NEGATIVE ION. This is an 
important lesson in electronic theory. 


REVIEW QUESTIONS FOR SECTION 1.1 


1. Define the following terms: 
a. Matter. 
b. Elements. 
c. Compounds. 
d. Atom. 


e. Molecule. 
. Name some common elements. 
. What is atomic weight? 
. Define atomic number. 
. What is the meaning of ionization? 


1.2 STATIC ELECTRICITY 


The word static means at rest. Electricity can be at 
rest. The generation of static electricity can be 
demonstrated in many ways. By stroking the fur of a 
cat, you will notice that its fur tends to be attracted 
to your hands as you bring your hand back over the 
cat. If this is done at night, you may see tiny sparks 
and hear a crackling sound. 

This is caused by the discharge of static electricity. 
What is happening? It is simply that the friction be- 
tween your hand and the cat’s fur is exciting the atoms. 
The atoms are becoming unbalanced through the move- 
ment of electrons from one atom to another. The 
sparks are created as the atoms attempt.to neutralize 
themselves. You may have experienced the building up 
of a static charge in your body while walking across 
a carpet or sliding across a car seat. Sometimes a spark 
discharge may result when you touch another person 
or the door handle of the car. 


WELCH SCIENTIFIC CO. 
Fig. 1-3. An electroscope. The gold leaves in the glass 
enclosure will indicate an electric charge. 
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LAW OF CHARGES 


One of the fundamental laws in the study of elec- 
tricity is the Law of Charges. That is: LIKE CHARGES 
REPEL EACH OTHER. UNLIKE CHARGES AT- 
TRACT EACH OTHER. 

This law will be used many times in experiments 
described in this text. It is important to remember that 
ONE ELECTRON WILL REPEL ANOTHER ELEC- 
TRON. A negatively charged mass will be attracted by 
a positively charged mass. The Law of Charges may 
be demonstrated in the electrical laboratory by means 
of an electroscope or pith balls, Fig. 1-3. 


Materials needed: 


1. Electroscope. 

2. Vulcanite Rod and Fur. 

3. Glass Rod and Silk. 

4. Single and Double Pith Balls on Stands. 


EXPERIMENT |. Quickly rub the vulcanite rod with 
the fur. There is now a negative charge on the rod 
as electrons were transferred to the rod from the 


- fur by friction. Bring the charged rod close to the 
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ball on top of the electroscope. You will notice that 
the gold leaves in the electroscope will expand. 
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Remove the rod and the leaves will close. The elec- 
troscope is used in this case to show the presence 
of an electrical charge. The negatively charged rod 
repels the electrons on the ball of the electroscope 
and forces them down to the leaves. The leaves, 
both being negatively charged, will repel each other 
and expand, Fig. 1-4. 


EXPERIMENT Il. Once again, rub the vulcanite rod 
in order to charge it. Now touch the ball on the elec- 
troscope with the rod. You will notice that the 
leaves expand and remain that way after the rod 
is removed. The rod has shared its charge with the 
electroscope and the electroscope remains charged, 
Fig. 1-5. Now touch the ball with your finger. The 
leaves will close, showing that the electroscope has 
been discharged through your body. 


VULCANITE 
ROD 


NEGATIVE 
CHARGE 


Fig. 1-4. The negatively charged rod forces electrons down 
to the leaves of the electroscope. The leaves expand because 
they are both negative and, therefore, repe! each other. 


VULCANITE 
ROD 


NEGATIVELY 
CHARGED BY 
CONDUCTION 


Fig. 1-5. The electroscope becomes charged when the rod 
touches the ball and will remain charged. 
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EXPERIMENT lll. Repeat Experiments | and Il, using 
the glass rod and the silk. The glass rod will charge 
positively. However, the results will be the same, 
with opposite polarity. 


EXPERIMENT IV. Repeat Experiment | by bringing 
the charged rod close to, but not touching, the elec- 
troscope. In this position, touch the electroscope 
with your other hand. Remove your hand and then 
the rod. You will observe that the electroscope will 
remain charged. As no actual contact was made 
between the rod and the electroscope, the elec- 
troscope was charged by INDUCTION. The near- 
ness of the negative rod forced the electrons on the 
electroscope to travel away, through your hand. Of 
course, when your hand was removed, there was 
no way for the electroscope to regain its lost elec- 
trons so it must remain positively charged as 
indicated by the expanded leaves. 


EXPERIMENT V. Once again, rub the vulcanite rod 
and charge it negatively. Bring the rod close to a 
hanging pith ball, Fig. 1-6. The ball will at first be 
attracted to the rod due to unlike charges. When 
the pith ball touches the rod, it assumes the charge 
of the rod and is immediately repelled. Now both 
the ball and rod are negative. Try once again to 
touch the ball with the rod. Notice that the ball is 
always repelled. 


ATTRACTED 


REPELLED 


Fig. 1-6. The pith ball is attracted, and then repelled, by the 
charged rod. 
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EXPERIMENT VI. Using a second pith ball, charge 
it in the same manner as Experiment V. You will 
now have two pith balls charged negatively. Try to 
bring the balls close together and notice that they 
will not touch. There is a repulsive force existing 
between them, Fig. 1-7. 


EXPERIMENT VII. Leave one pith ball negative. 
Charge the second pith ball positively by using the 
glass rod and the silk. As you bring the two balls 
close to each other, you will notice that they are 
attracted to each other, Fig. 1-8. 


These seven experiments prove the Law of Charges. 
You must know this law, otherwise lessons in electricity 
will be hard to understand. 


THE COULOMB 


It would be impractical to describe the difference in 
charge between two bodies as one body having one, 
or even a dozen, more electrons than the other body. 


Fig. 1-8. Unlike charged pith balls attract each other. 
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This is because an atom and parts of an atom (elec- 
trons) are very small particles. 

The force of attraction and repulsion of charged 
particles was studied by the French scientist, Charles 
A. Coulomb. He developed a practical unit for 
measurement of an amount of electricity. It is known 
as the COULOMB. It represents approximately 6.24 
x 10'8 electrons (6,240,000,000,000,000,000). 


ELECTROSTATIC FIELDS 


Once again, perform Experiment IV. When the 
vulcanite rod was brought close to, but not touching, 
the electroscope, why did it affect the electroscope? 
This is due to the invisible lines of force that exist 
around a charged body. These lines of force are called 
the ELECTROSTATIC FIELD or DIELECTRIC 
FIELD. The field is strongest very close to the charged 
body. It diminishes at a distance inversely proportional 
to the square of the distance. 

Refer to Fig. 1-9. Two charged balls are shown, with 
lines representing the electrostatic fields of opposite 
polarity and the attractive force existing between them. 
In Fig. 1-10, two charged balls are shown with like 
polarities and the repulsive force exisitng between the 
balls due to the electrostatic fields. Once again, the elec- 
trostatic fields add further proof to the Law of 
Charges. Like charges repel. Unlike charges attract. 


K | 
oe 


Fig. 1-9. The electrostatic fields of unlike charged bodies, 
showing attractive force. 
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Fig. 1-10. The electrostatic fields of like charged bodies, 
showing repulsive force. 


Electricity and Electronics 


LESSON IN SAFETY: Horseplay has no place 
where machinery is operating and tools are being used. 
Do not pay the penalty for carelessness or poor work- 
ing habits. It may be painful and very expensive! 


REVIEW QUESTIONS FOR SECTION 1.2 


. Define static electricity. 
. What is a compound? 


. Explain what is meant by electrostatic field. 


. Like charges each other. 
. What is meant by a charged body? 


1.3 ELECTRIC VOLTAGE AND CURRENT 


At this point, you should have a thorough under- 
standing of static electricity and the electrostatic fields 
existing around charged bodies. Consider the illustra- 
tion in Fig. 1-11. It is very similar to Fig. 1-9, except 
that a short piece of copper wire has been connected 
between the balls, A and B. Again, you should realize 
what is meant by a negatively charged body, such as 
Ball A. It actually has an excess of negative charges 
of electrons. In the case of Ball B, it will have a lack 
of electons because of its positive charge. When the 
wire, or CONDUCTOR, is connected between the two 
balls, then the excess electrons on Ball A will follow 
along the conductor to Ball B. Electrons will continue 
to flow until the number of electrons on both balls are 
equal. At this point, the potential difference between 
them is zero. This movement of electrons is called 
ELECTRIC CURRENT. The force which caused these 
electrons to move is called electromotive force (emf) 
or difference in potential. It is known as VOLTAGE. 


Fig. 1-11. 
the positive ball. 


Electrons flow from the negatively charged ball to - 
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REVIEW QUESTIONS FOR SECTION 1.3 


. What is meant by a negatively charged body? 
2. The movement of electrons is known as 


. What is electromotive force? 


SUMMARY 


— 


. Matter is anything that occupies space or has mass. 

. Elements are basic or pure forms of matter. 

. Compounds are mixtures or combinations of one 
or more elements. 

. Atoms are the simplest form of an element still 
having the unique characteristics of that element. 

. Molecules are the simplest form of a compound, 
still having the unique characteristics of that 
compound. 

. The negatively charged particle of an atom is the 
electron and the positively charged particle is the 
proton. 

. Like charges repel each other while unlike charges 
attract each other. 

. The coulomb is a quantity of electrons 
(6,240,000,000,000,000,000 or 6.24 x 1012 
electrons). 

. Current is the movement of electrons in a 

conductor. 

Voltage is the force behind the electron moving 

them along to produce current. 


10. 


TEST YOUR KNOWLEDGE, Chapter 1 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 
1. A negative charge of electricity is called an 
; a positive charge, a ; a neutral 
particle, a 
. What is the name Pali a unit of measurement for 
a quantity of electricity? How many electrons os 
it represent? 
. What are the two laws of electrostatic ar? 
. A negative rod will charge an electroscope by con- 
tact. The leaves will both be: 
a. Positive. 
b. Negative. 
c. Neutral. 
. A positive rod will charge an electroscope by induc- 
tion. The leaves will both be: 
a. Positive. 
b. Negative. 
c. Neutral. 
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. Electron called 


movement is 
. When a charged rod is brought close to a pith ball, 
explain the action. Why does this action occur? 

. Use a reference book in the library to discover the 
atomic weight and atomic number of the following: 
a. Cu (Copper). 

b. Al (Aluminum). 

c. Ge (Germanium). 

d. As (Arsenic). 

. The invisible lines of force that surround a charged 
body are called the: 

. Electron force. 

b. Electrostatic field. 

c. Electric field. 

d. None of the above. 


pao) 


FOR DISCUSSION 


. How do lightning rods protect a building during a 


storm? 


. What great scientist discovered the relationship 


between lightning and electricity? Describe his 
experiment. 


. A police car seems to have some unusual radio 


interference while driving along the highway. This 
interference is not present when the car is not 
moving. Suggest a possible cause and explain. 


. Electrostatic fields are used in industry to reclaim 


by-products and to prevent air pollution by smoke 
and particles. Explain how this procedure will scrub 
the exhaust and emissions. Also, how will this cleans- 
ing impact the “greenhouse” effect on the earth? 


DEVRY INSTITUTES 


Electricity and electronics provide us with many wonderful tools. 
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PLASTIC INSULATION 
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2. Insulators stop electricity from travel- 


1. Conductor of electricity. ing where it can cause harm or damage. 
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3. Individual resistors line the center of this circuit board. Many new electronic components have resistors 
built into them. 
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After studying this chapter, you will be able to: 

E Explain the meaning of voltage and how it relates 
to volts. 

E Discuss the theory of electric current. 

M Describe the two theories of current flow direction. 

E Distinguish between conductors, insulators, and 
semiconductors. 

E State and explain Ohm’s Law. 

E List the factors affecting resistance. 

W Determine the value of various color coded resistors. 


All electricity and electronics is based on the fun- 
damental concept of moving electrons in some type of 
material. In Chapter 1, we discussed the concept of 
electron action in certain materials that causes electrical 
current flow. In this chapter, we will discuss three fun- 
damental terms of electricity and electronics: voltage, 
current, and resistance. Conductors, insulators and 
semiconductors will also be explained. 


2.1 VOLTAGE 


The force or difference in potential which causes elec- 
trons to flow is called VOLTAGE. Whenever there is 
a negative charge and a positive charge there is a dif- 
ference in potential. If a material, such as a conduc- 
tor, is connected between the two different charges, 
the electrons will flow from the negative charge to the 
positive charge. See Fig. 2-1. The electrons will con- 
tinue to flow until there is no difference in potential 
or voltage. 

Voltage is also called ELECTROMOTIVE FORCE 
or EMF. The term ELECTRICAL PRESSURE is also 
used to refer to voltage. In any case, all of the terms 
mean the same thing, which is the push or pull, or 
force, that moves electrons along in a material. The 
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CONDUCTORS, 
INSULATORS, AND 
SEMICONDUCTORS 


abbreviation for voltage in electrical formulas is E. This 
represents electromotive force. 


VOLTAGE SOURCES 


There are six basic sources of voltage. One of these 
sources was presented in Chapter 1 in the discussion 
of static electricity. To review, when certain materials 
are rubbed together, or when friction is created, static 
electricity is created. This type of electricity is often 
referred to as “at rest,” since these charges are sta- 
tionary, or static. These two different charges have a 
difference in potential or a voltage. If a piece of wire 
or conductor is placed between them, an electron flow 
will occur. 

Electric voltage can also be caused by chemical 
energy created by the chemical action of certain 
materials in cells and batteries. Energy from light can 
be converted to electrical energy, or voltage, by a solar 
cell. Mechanical pressure can be converted to electrical 
voltage by the use of certain kinds of pressure sensitive 
materials. Voltage can be created by thermal energy 
or heat. 


DIFFERENCE 
IN 
POTENTIAL 


ELECTRON MOVEMENT 
IN CONDUCTOR 


Fig. 2-1. Electrons flow due to a difference in potential. 
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These four sources of voltage will be discussed in 
Chapter 3. A sixth source of voltage, and the one which 
is most used today, is the conversion of magnetic energy 
to electrical energy. This source will be discussed in 
detail in Chapter 6. 


VOLTS 


The unit for measuring electrical pressure or voltage 
is the VOLT. This is a very common unit. Many items 
we come in contact with every day are rated in volts, 
such as 117 volts in the home, 12 volts in the car bat- 
tery, or 1.5 volts in a “D” cell used in a flashlight. 

There is sometimes a need to change volt references 
to smaller or larger units. To do this, PREFIXES are 
added to the base word, “volt.” These prefixes denote 
an increase or decrease in value. 

Units which are larger than the basic volt unit are 
the KILOVOLT (kV) and the MEGAVOLT (MV). The 
kilovolt is one thousand times larger than the volt. The 
megavolt is one million times larger than the volt. Units 
which are smaller than the volt include the MILLI- 
VOLT (mV), and the MICROVOLT (uV). The 
millivolt is one thousandth the size of the volt. The 
microvolt is one millionth the size of the volt. Fig. 2-2 
shows the relationship of all these prefixes. 

A sample conversion from one volt group to another 
is shown in Fig. 2-3. In this example, 32 millivolts is 
being converted to volts. The first step is to locate the 
decimal. Since it is not shown in the example, it is 
assumed to be after the last digit (2). The next step is 
to move the decimal to the decimal location for the 
value to which you are converting. Generally, if the 
number to which you are converting is larger, the 
decimal will be moved left. If it is smaller, the decimal 
will be moved right. In this example, the decimal point 
will be moved three spaces to the right. This is the 
decimal location for the microvolt. Finally, add zeros 
in the spaces left between the decimal point and the 
number. Refer again to Fig. 2-3. 


MEGAVOLT (Mv) MICROVOLT (nV) 


KILOVOLT (kV) MILLIVOLT (mV) 


VOLT (V) 
“| UNIT) 


00:000, 000.00 


LARGER THAN BASIC UNIT Els + THAN BASIC UNIT 


Fig. 2-2. Prefixes used with the volt unit. 
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REVIEW QUESTIONS FOR SECTION 2.1 


. Define voltage. 
2. Give three other terms for voltage. 
. The unit of measurement for voltage is the 


. What is a prefix? 
. Convert the following voltage values: 


. 56V = 


. 23 pV = 

. 1200 kV = 
. 3 MV = 

. 12.6 mV = 
. 16,000 V = 


2.2 ELECTRIC CURRENT 


You will recall that the flow of electrons is called 
ELECTRIC CURRENT. It is necessary to measure the 
flow of electrons or current in a circuit, so units of 
measurements have been standardized. The abbrevia- 
tion for electric current in formulas is I. This represents 
current intensity or amperage. Comparing the electricial 
circuit to a water pipe, one would measure the flow 
of water as so many gallons per minute. 

Electric current is measured by the number of elec- 
trons flowing each second past a given point in the con- 
ductor. This is where the term coulomb is useful to 
represent a quantity of electrons. The standard unit 
for the measurement of electric current is the 
AMPERE, or AMP. This represents the flow of one 
coulomb per second or 6.24 x 10'8 electrons moving 


past a fixed point in the circuit. See Fig. 2-4. 
Mathematically, 
-Q Or — 
E TQ 
where Q = coulombs 
I = current in amperes 
t = time in seconds 
MICROVOLT (pV) 
VOLT MILLIVOLT (mV) 
MOVE DECIMAL 
TO RIGHT 
EXAMPLE: 
32 MILLIVOLTS (mV) = 3 2 0 o. 
32,000 MICROVOLTS (pV) a 
ADD ZEROES 


SMALLER THAN BASIC UNIT 


Fig. 2-3. Conversion from millivolts to microvolts. 
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MATERIAL WHICH WILL CONDUCT 
CURRENT FLOW EASILY 


NEGATIVE 
CHARGE 


POSITIVE 


CHARGE 
FIXED POINT 


Fig. 2-4. One ampere is one coulomb (6.24 x 1018) moving 
past a fixed point in one second. 


Example: If 40 coulombs of electrons passed a given 
point in 10 seconds, then a current of 4 amperes would 
flow. 
t= 40 coulombs 
10 seconds 
As with voltage, prefixes may be added to the basic 
unit of ampere to change the basic value. Since the 
ampere is a fairly large unit of measure, only the 
smaller MILLIAMP (mA) and MICROAMP (pA) are 
used. The milliamp is one thousand times smaller than 
the amp. The microamp is one million times smaller 
than the amp. Fig. 2-5 shows the relationship of the 
prefixes to the basic unit. 


= 4 amperes 


DIRECTION OF CURRENT 


Electrons have a negative charge and protons have 
a positive charge. When there is a large enough con- 
centration of either charge, a difference in a potential, 
or a voltage, is created. This difference in potential is 
what forces the electrons along in a material. 

There are two theories about the direction of cur- 
rent flow. The ELECTRON THEORY OF CUR- 
RENT FLOW defines the direction of electron flow 
as moving from NEGATIVE (—) to POSITIVE (+) 
in the external circuit. Another theory, the CON- 
VENTIONAL THEORY OF CURRENT FLOW, 
states that current flows from POSITIVE (+) to 
NEGATIVE (-—) in the external circuit. In both 
cases, the current always flows in the opposite direc- 
tion of the current in the voltage source. Throughout 
this textbook we will be using the Electron Theory of 
Current Flow (= to +). 


AMP (A) 
BASIC UNIT 


~~ OOO!IOOO”” 


SMALLER THAN BASIC UNIT 


MILLIAMP (mA) MICROAMP (pA) 


Fig. 2-5. Prefixes used with the ampere unit. Kiloamp is 
seldom used. 


REVIEW QUESTIONS FOR SECTION 2.2 


. Define current. 
. I is the abbreviation for what? 
. What is an ampere? 
. The electron theory for current flow states that 
the current in the external circuit flows from 
to 


. Convert the following current values: 


a IZA = 

b. 4295 mA = 
c. 16,210 pA = 
d. .9 mA = 

e. 1.5 A = 

f. .005 A = 


mA. 


2.3 CONDUCTORS, CONDUCTANCE, 
AND INSULATORS 


When a source of electrical voltage is connected to 
a device, such as a lamp, with copper wire, the elec- 
trons will flow, or be conducted, from the negative 
terminal of the source, through the lamp, and back to 
the positive terminal of the source. This copper wire 
is the path along which electric current will flow. The 
wire is called a CONDUCTOR. ae 

Some materials are good conductors of electricity. 
These materials have a large number of free electrons. 
Copper conductors are used in most electrical circuits. 
Copper is an excellent conductor. Silver is even better 
than copper. However, it is too expensive for general 
use. Gold is also a good conductor. Many high-power 
lines are aluminum for added strength and light weight. 
Brass, zinc, and iron are also fair conductors of 
electricity. 

The actual conduction of electricity is done by 
transferring electrons from one atom to the next in the 
conductor. Assume that a piece of copper wire is 
neutral. If an electron is forced into one end of the 
wire, an electron is forced out from the other end, Fig. 
2-6. The original electron did not flow through the con- 
ductor. Yet the energy was transferred by the interac- 
tion between the electrons in the conductor. The actual 
transfer of electrical energy occurs at an amazing speed. 


O) 


CONDUCTOR 
VOTA DD a” 
0000000000 


a 


Fig. 2-6. The transfer of energy between atoms causes cur- 
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rent to flow through a conductor. 
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It has been accurately measured and approaches the 
speed of light: 186,000 miles per second! In terms of 
the metric system, this would be 300,000 kilometers 
or 300,000,000 meters per second. 

The unit for measuring electrical conductance is the 
SIEMENS. This unit was named after the German 
inventor Ernst von Siemens who did a great deal of 
work in the development of telegraphy use. The 
abbreviation for the siemens is S. 

The unit formula for computing electrical conduc- 
tance is as follows: 


G= 


7 | 


where G is conductance (in siemens) and R is resistance 
(in ohms). 


LESSON IN SAFETY: Your body is a good con- 
ductor of electricity. Never touch a circuit wire or com- 
ponent unless you are sure that it is not energized. An 
electric current flowing from one hand across your 
chest and heart and out of your other hand, for ex- 
ample, can be dangerous, even fatal. The wise tech- 
nician uses only one hand when working on high 
voltage circuits. The other hand is kept in a pocket! 
The operators of switchboards and power stations 
stand on insulated platforms. Then there is no direct 
path to ground in case of accidental contact with a high 
voltage wire. 

Conductors are arranged according to size by the 
American Wire Gauge System, Fig. 2-7. The larger 
gauge numbers have smaller diameters and cross- 
sectional areas. For example, a No. 14 wire is larger 
than a No. 20 wire. 


ae - 
Eo ag SSTARRE7 
Ps i 
fm D 
f q 


L.S. STARRETT CO. 
Fig. 2-7. A gauge is used to find wire size. 
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A common way of expressing cross-sectional area 
of a round wire is in circular mils (cmil). One MIL is 
0.001 inches. The number of CIRCULAR MILS in an 
area of wire (conductor) is equal to the square of the 
diameter (D?), where D.is in mils. Therefore, a wire 
with a diameter of 1 mil has an area of 1 cmil (1 x 
1 = 1). A wire with a diameter of 2 mils has an area 
of 4 cmils (2 x 2 = 4). A diameter of 15 mils gives 
an area of 225 cmils (15 x 15 = 225). See Fig. 2-8. 

The circular mil is a more convenient method of ex- 
pressing the diameter of a conductor than the fractional 
inch. An example will help illustrate this point. Accord- 
ing to our equation, a wire with a diameter of 50 mils 
(0.05 inches [50 x 0.001]) has an area of 2500 cmil. 
You will recall from geometry that the area of a circle 
is rr?. Computing the area of this wire in square inches: 


A = 3.14 x (0.025 in.)? 
= 3.14 x 0.000625 in.? 
= 0.0019625 in.? 


No doubt, you will find it easier to work with 2500 
cmils than 0.0019625 in.?. 
There are other ways to express the formula for area 
of a circle (rr?). Note the following variations: 
D2 
= TC — aH 


4 


Al A ey 
2 4 

Area of a wire, given in SQUARE MILS, is equal 

to 0.7854D?, where D is in mils. To determine the 

number of square mils in one circular mil, recall that 

1 circular mil is the area of a wire 1 mil in diameter. 


Using the previous equation, A = 0.7854D2, gives: 


A = 0.7854 x (1 mil)? 


= 0.7854 mil? 


This is the square mil area in one circular mil. In 
order, then, to find the circular mil area of a conduc- 
tor whose area is given in square mils, it is necessary 
to divide by 0.7854. 


Pe 


D = 15 MILS 
AREA = 225 CMILS 


Se eS 


D = 1 MIL 
AREA = 1 CMIL 


D = 2 MILS 
AREA = 4 CMILS 


Fig. 2-8. Circular mil is found by squaring the diameter in mils. 
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RESISTANCE 
OHMS PER 
1,000 FT. OF 
GAUGE DIAM. CIRCULAR COPPER WIRE 
NO. MILS MIL AREA AT 25°C 
1 289.3 83,690 0.1264 
2 257.6 66,370 0.1593 
3 229.4 52,640 0.2009 
4 204.3 41,740 0.2533 
5 181.9 33,100 0.3195 
6 162.0 26,250 0.4028 
7 144.3 20,820 0.5080 
8 128.5 16,510 0.6405 
9 114.4 13,090 0.8077 
10 101.9 10,380 1.018 
11 90.74 8,234 1.284 
12 80.81 6,530 1.619 
13 7196 5,178 2.042 
14 64.08 4,107 2.575 
15 57.07 3,257 3.247 
16 50.82 2,583 4.094 
17 45.26 2,048 5.163 
18 40.30 1,624 6.510 
19 35.89 1,288 8.210 
20 31.96 1,022 10.35 


RESISTANCE 
OHMS PER 
1,000 FT. OF 
GAUGE DIAM. CIRCULAR COPPER WIRE 

NO. MILS MIL AREA AT 25°C 

21 28.46 810.1 13.05 

22 25.35 642.4 16.46 

23 25.57 509.5 20.76 

24 20.10 404.0 26.17 

25 17.90 320.4 33.00 

26 15.94 254.1 41.62 

27 14.20 201.5 52.48 

28 12.64 159.8 66.17 

29 11.26 126.7 83.44 

30 10.03 100.5 105.2 

31 8.928 79.70 132.7 

32 7.950 63.21 167.3 

33 7.080 50.13 211.0 

34 6.305 39.75 266.0 

35 5.615 31.52 335.0 

36 5.000 25.00 423.0 

37 4.453 19.83 533.4 

38 3.965 15.72 672.6 

39 3.531 12.47 848.1 

40 3.145 9.88 1,069. 


Fig. 2-9. Copper wire table. 


The resulting equation is: 
_ .7854D? (square mil area) 


de .7854 (square mil area in one cmil) 
-7854D2 
OT H8S. 
then A = D2 


Therefore, the circular mil cross-sectional area of a 
conductor equals the square of its diameter in mils. 

Finally, in order to change a circular mil wire size 
to square mils, multiply by .7854. This information is 
important when comparing current carrying capacity 
of round and square wires, Fig. 2-9. 


INSULATORS 


Materials with only a few free electrons do not con- 
duct electrons well. They are called INSULATORS. 
Insulation is used on wires to protect people from 
coming in accidental contact with circuits. It is also used 
to avoid electrical contact between wires and support- 
ing devices. Common materials used for insulation are 
rubber, glass, air, bakelite, mica, and asbestos. 

It is apparent then, that some materials resist the flow 
of electrons, while others have less resistance to the flow 
of electrons. This resistance must always be considered 
an important characteristic of electrical circuits. 
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REVIEW QUESTIONS FOR SECTION 2.3 


. What is a conductor? 
. Name three good conductors. 
. Define an insulator. 


. Name four good insulators. 
. At what speed does current flow? 
. What is the unit for conductance? 


2.4 RESISTANCE 


The opposition to the flow of electrical current is 
called RESISTANCE. The abbreviation for resistance 
in electrical formulas is R. The unit for measuring 
resistance is the OHM and its symbol is 2. As with 
voltage and current, prefixes can be used to increase 
or decrease the basic value of the ohm. Fig. 2-10 shows 
a chart of common prefixes used with the ohm unit. 


OHM'S LAW 


There is an important relationship between voltage, 


` current, and resistance. First, one volt is needed to force 


one ampere through one ohm of resistance. Next, 
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MEGOHM (MQ) KILOHM (KQ) OHM (Q) 


000000. 
— 


LARGER THAN BASIC UNIT 


Fig. 2-10. Prefixes used with the ohm unit. Milli and micro are 
seldom used. 


voltage (E) and current (I) in a circuit are DIRECTLY 
PROPORTIONAL. This means that the more voltage 
there is, the more current there will be (when resistance 
remains the same). Finally, current (I) and the 
resistance (R) are INVERSELY PROPORTIONAL. 
This means that as resistance increases, current will 
decrease (when voltage remains constant). 

The mathematical relationship between voltage, cur- 
rent, and resistance is called OHM’S LAW. It will be 
covered in more detail in Chapter 5. 


FACTORS AFFECTING RESISTANCE 


There are four factors which cause one material or 
conductor to have more resistance than another con- 
ductor. These factors are: 

1. SURFACE AREA OF CONDUCTOR. The larger 
the surface area or diameter, the less the resistance. 
KIND OF MATERIAL. Certain materials have 
more resistance than others. 

. LENGTH OF CONDUCTOR. The longer the con- 
ductor, the greater the resistance. 
TEMPERATURE OF MATERIAL. The hotter the 
material, the greater the resistance. 


Ze 


Surface area of conductor 

The flow of electron traffic can be easily understood 
by comparing it to automobile traffic. Consider the size 
of the road. A large, smooth, four lane highway will 
carry more traffic than a narrow, rough country road, 
Fig. 2-11. This is also true of the electrical conductor. 


SUPER HIGHWAY 


aco aoc mo oo 
momma ooo oo 
Tmo 0 å DA m m 


COUNTRY ROAD 
Co Oo co cow D ED 
ZA a eT ee 


Fig. 2-11. A superhighway can carry more traffic than a coun- 
try road. Because it is smoother, it also has less resistance to 
the flow of automobiles. 
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RESISTANCE is the opposition to electric current in 
a conducting wire or material. A large wire can carry 
more electrons than a small wire. It has less resistance 
to the flow, because of its larger size, Fig. 2-12. 
Resistance to the flow of electricity by a wire or a con- 
ductor will vary inversely with the size or cross-sectional 
area of the conductor. 

Not every conductor is a solid wire. Frequently, it 
is necessary to use several smaller wires twisted together 
to form a cable. This method allows greater flexibility 
and ease of installation. If a wire is subject to move- 
ment or vibration, such as occurs in a lamp cord, a 
stranded wire produces greater strength and less danger 
of breakage. 

Stranded wires are usually made up of 7, 19, or 37 
separate wires twisted together. A further improvement 
is made by twisting several stranded wires into one 
cable, see Fig. 2-13. Do not confuse this stranded cable 
with the multi-wire conductor used in many electronic 
applications. The multi-conductor has several wires, 
each insulated from the other. These wires are color- 
coded so that correct connections can be made. 


Fig. 2-12. A large conductor has less resistance than a small 
conductor. A large conductor also can carry a larger current. 


PLASTIC INSULATION 


o <w—— NYLON JACKET 


ba COLOR CODE 
¿A ï 


Fig. 2-13. A—Stranded hookup wire used in electronic cir- 

cuits. B—Power cable. (1) Three stranded conductors. (2) 

Insulation and jute fillers. (3) Tough, flexible jacket. (4) Bronze 

protective armor. C—Wire for a telephone switchboard. 

Numerous conductors are insulated from each other and are 
color coded. 
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LESSON IN SAFETY: When making connections 
with stranded wires, the stranded ends should be tightly 
twisted together and coated with solder. This is called 
TINNING. Fine wires that are separated from the con- 
nection are a mark of poor quality and may cause 
dangerous short circuits. 


Kind of material 

It was mentioned in Chapter 1 that some materials 
are good conductors of electricity and others are poor 
conductors. The kind of material used in the manufac- 
turing of wire also affects conductance or resistance. 

LESSON IN SAFETY: Wires used to conduct elec- 
tricity throughout living and working areas are selected 
according to size. They must be capable of carrying 
the correct amount of electricity needed for a particular 
use. Most circuits for lighting use either No. 12 or No. 
14 wire, rated at 15 amperes. The wires for a range 
or water heater may be No. 6 to No. 10. Always use 
wires of the correct size to avoid trouble. 


Length of conductor 

A third consideration in the selection of a conduc- 
tor is its length. If one foot of wire has a certain 
resistance, then ten feet of the same wire will have ten 
times more resistance; fifty feet will have fifty times 
more. Remember that this resistance uses up power, 
creating losses in the line. Devices connected to long 
conductors may not have the required voltage for 
proper operation, due to line losses. 

LESSON IN SAFETY: When using long extension 
cords to operate lights and tools, be sure that they have 
sufficient size. In this way, there will be little line loss 
or voltage drop. Small wire extension cords may heat 
up and burn. Motor driven tools at the end of a small, 
long extension cord will heat up and operate ineffi- 
ciently. Also, it is wise to equip all tools with a three 
wire cord. The third wire is a ground and is connected 
to the case and handle of the tool. In case of a short 
circuit, the third wire will conduct the electricity harm- 
lessly into the ground, instead of into the body of the 
user. This precaution has saved many lives. 


Temperature of material 

A fourth consideration is temperature. Most metals 
used in conductors, such as copper and aluminum, 
increase in resistance as the temperature increases. In 
many electronic circuits, careful design is necessary to 
insure proper ventilation and radiation of heat from 
current carrying devices. When wires are enclosed in 
metallic coverings or conduit, the National Electric 
Code specifies that larger wires be used. In this case, 
heat due to losses in the line will not change the cur- 
rent carrying ability of the conductors. 
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REVIEW QUESTIONS FOR SECTION 2.4 


. Define resistance. 

. Explain the relationship known as Ohm’s Law. 
. Name four factors that influence resistance. 
. Convert the following resistance units: 

.5 MQ = 


a. 
s Zoll KO 


b 
c. 3300 Q 
d. 8.2 MQ = 


2.5 RESISTORS 


Resistance units permit the design engineer to use 
electricity in many interesting and profitable ways. 
Because resistance is part of a circuit that uses power, 
most useful and labor saving electrical devices use some 
form of resistance. 

Resistance may purposely be put into a circuit to 
reduce voltages and to limit current flow in electronic 
devices. Fig. 2-14 shows several forms of molded com- 
position fixed resistors. They are manufactured in a 
number of shapes and sizes. The symbol for a fixed 
value resistor is shown in Fig. 2-15. 


1 soriano 


VARIA 
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ALLEN-BRADLEY 


Fig. 2-14. 


Group of carbon composition resistors. 


M- 


Fig. 2-15. Fixed resistor symbol. 
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The chemical make-up that causes resistance is 
accurately controlled in the lab. Resistors can be pur- 
chased in a range of sizes, from one ohm to several 
million ohms. The physical size of the resistor is rated 
in WATTS. This refers to the ability of the resistor to 
dissolve heat caused by resistance. Common sizes used 
in electronic work are the 1/2 watt and 1 watt sizes. 

Resistors, then, are grouped by ohms and watts. For 
example, a 1000 ohm resistor can be purchased in a 
1/2 watt, 1 watt, or 2 watt size. In each size the 
resistance would be the same. Electrical power, or 
wattage, will be explained in more detail in Chapter 
5. See Fig. 2-16 for the construction of a composition 
resistor. 

Another type of small wattage fixed value resistor 
is the thin film resistor. It is similar to the molded com- 
position resistor in appearance and function. However, 
the thin film resistor is made from depositing a 
resistance material on a glass or ceramic tube. Leads 
with caps are fitted over each end of the tube to make 
the body of the resistor. Thin film resistors are usually 
color coded. See Fig. 2-17. 

For higher current uses, resistance units are wire- 
wound. A wire is wound on a ceramic core. The wire 
has a specific fixed-value resistance. The entire 
resistance component is insulated by a coat of vitreous 
(opaque) enamel. Several of these resistors are shown 
in Fig. 2-18. These are manufactured in sizes from 5 
watts to 200 watts. The wattage used depends on the 
heat dissipation required during operation. Metal ox- 
ide resistors are also used for high voltage and wat- 
tage applications. See Fig. 2-19. 


SOLDER COATED LEADS 


SOLIDLY EMBEDDED 
LEADS 


SOLID RESISTANCE 
ELEMENT 


Suitable for soldering and 
welding even after fong 
periods in stock. 


Lead wires are formed to 
provide large contact area 
and high pull strengtt 


Resistance material has large 
cross section resulting in tow 
current density and high ov- 
erload capacity. Uniformity 
of material eliminates “hot 
spots” 


RUGGED 
CONSTRUCTION 


PERMANENT COLOR 
CODING 


Bright. baked en colors are 
highty resistant to solvents, 
abrasion and chipping. Cob 
ors remain clearly readable 
after Jong service 


Resistors are hot-molded 
Resistance material. insu- 
lation material and Sead 
wires are molded at one 
time info a solid integral 
Structure. 


ALLEN-BRADLEY 


Fig. 2-16. Cutaway of a carbon composition resistor. 
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Fig. 2-17. Thin film resistors. 


Fig. 2-18. Resistors are made in many types, shapes, and 
sizes to meet specific circuit requirements. 
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DALE ELECTRONICS 


Fig. 2-19. Metal oxide resistors. 


These adjustable resistors provide a sliding tap for 
voltage divider uses. 


Another type of wirewound resistor is the adjustable 
resistor. Unlike the wirewound resistor, however, the 
adjustable resistor is not entirely covered by enamel 
material. Instead, a portion of one side of the wire is 
exposed. An adjustable sliding tap is attached across 
the exposed surface. The tap is moved to adjust the 
resistance. Adjustable resistors, sometimes with two 


— EY E 
A 


Fig. 2-21. Adjustable resistor (potentiometer) symbol. 


DALE ELECTRONICS 
Fig. 2-22. Precision thick film chip resistors. 


or more adjustable taps, are used a great deal as voltage 
dividers in power supplies and other devices. Adjustable 
resistors are shown in Fig. 2-20. The symbol for an 
adjustable resistor is shown in Fig. 2-21. 

Precision thick film chip resistors are new in the elec- 
tronics field. Fig. 2-22 shows these small resistors. 

Most electronic equipment requires the use of 
variable resistance parts. TVs and radios, for exam- 
ple, have volume controls. These controls are often 
knobs, located on the front panel of the device. They 
are generally rotary type knobs; that is, they revolve 
around an axis. The resistive element is a molded com- 
position ring located inside the knob. The variation in 
resistance is provided by a sliding contact arm attached 
to the ring. Connections may be made through terminals 
to both ends of the resistance, as well as to the sliding 
contact arm. This part is called a POTENTIOMETER, 
Fig. 2-23. Its symbol is shown in Fig. 2-24. 


CENTRALAB 


Fig. 2-23. Potentiometers used in electronic circuitry for fixed and variable resistance. 
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Fig. 2-24. Potentiometer symbol. 
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Fig. 2-25. A wirewound potentiomete: for higher current and 
power uses. 
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Fig. 2-26. Color code bands encircle the resistor. 


For higher current and power uses, potentiometers 
may be wirewound resistance wire instead of molded 
composition, Fig. 2-25. 

There are also many types and sizes of resistors 
designed for specific uses. These include very accurate 
precision resistors and heavy, rugged resistors for high 
power uses. 

One new form of resistor that is rapidly becoming 
popular in transistor circuitry is the THERMISTOR. 
It is used to offset the effect of temperature change 
in a circuit. It is constructed so that as temperature 
increases, resistance will decrease. 


OHMMETERS 


Ohmmeters are used to measure the value of 
resistance in a component or a circuit. The power for 
ohmmeter operation is provided in its case. In using 
an ohmmeter, isolate the resistance to be tested. There 
should be no power in the circuit when using the ohm- 
meter. Some ohmmeters require zeroing on each scale 
before using. 

More will be presented on the design and use of ohm- 
meters in Chapter 8. 


COLOR CODING RESISTORS 


Most low wattage resistors, up to 2 watts, are color 
coded. The colors are used worldwide. The universal 
color code has been adopted by the Electronics In- 
dustries Association (EIA) and the United States 
Armed Forces (MIL). 

Refer to Fig. 2-26. Note how the color codes are 
printed all around the body of the resistor. In this way, 
value can be easily determined in any position. To see 
how to read color coded resistors, refer to the stan- 
dard color code chart shown in Fig. 2-27. 


ALLEN-BRADLEY 


Fig. 2-27. Standard color code for resistors. 
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Resistors often have four color bands without a fifth 
reliability band. If this is the case, read the resistor with 
the first four colors. A few examples of color coded 
resistor values are shown in Fig. 2-28. 


REVIEW QUESTIONS FOR SECTION 2.5 


1. What is electrical resistance? 
Give symbols for the following: 
a. Fixed resistor. 

b. Tapped resistor. 

c. Potentiometer. 

d. Ammeter. 

Name four types of resistors. 
Give the color codes (first color, second color, 
multiplier, tolerance) for the following resistors: 
a. 2 400 Q, 10%. 
b. 680 Q, 5%. 

c. 91,000 2, 20%. 
d. 27 Q, 10%. 
e 
f 


he 


> w 


3 600 Q, 5%. 
100 Q, 10%. 


m~~ 


RED VIOLET 


| {e 
BROWN 
7 0 OHMS 


g. 5.1 Q, 5%. 
h. 9.1 meg Q, 10%. 


2.6 SEMICONDUCTORS 


Conductors have very low resistance to electron or 
current flow, while insulators have very high resistance 
to current flow. SEMICONDUCTORS, lie in between 
conductors and insulators in their ability to conduct 
or resist current flow. The most commonly used 
semiconductor materials are silicon (Si), germanium 
(Ge), and selenium (Se). A new material, gallium 
arsenide (GaAs), is now being used more as a basic 
semiconductor material. A chart with the resistance 
comparison of conductors, insulators, and semicon- 
ductors is shown im Fig. 2-29. 

Semiconductors are the basic building materials for 
solid-state electronic devices, such as transistors and 
integrated circuits. They are used in nearly every elec- 
tronic circuit, from stereo radios to computers. 
Semiconductors will be explained more in Chapter 13. 
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Fig. 2-28. Examples of standard color coded resistors. 
CONDUCTORS SEMICONDUCTORS INSULATORS 
= 
2 
2 Z 
[0 ar O q 6 (2a) 
d: 2 E 8 2 g 
LOW 3 rai < a 3 g Q HIGH 
RESISTANCE wo o o O a 9 2 RESISTANCE 


2% 


1.1 x 10% 
1.7x 108 
4.0 x 10% 


17 x 10”? 
1.0 x 107 


Fig. 2-29. Resistance of some conductors, semiconductors, and insulators (in ohms/cm). 
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REVIEW QUESTIONS FOR SECTION 2.6 


. What is a semiconductor? 
2. Name three elements that work well as semi- 
conductor materials. 


. Name a new semiconductor material. 

. Conductors have _______ resistance while 
semiconductors have a relatively 
resistance. 


SUMMARY 


1. Voltage is the force or pressure which moves elec- 
trons along in a conductor. This movement of elec- 
trons is called current. The opposition to current 
flow is resistance. When resistance is constant, the 
more voltage there is, the larger the current. An in- 
crease in resistance at that voltage level will cause 
a decrease in current flow. 

2. Prefixes are used to change the value of a basic unit, 
such as the volt, the amp, and the ohm. 

3. Using the Electron Theory of Current Flow, elec- 
trons flow from negative (—) to positive (+) in an 
external circuit (not in the voltage source). 

4. Four factors affecting resistance are the length, sur- 
face, and temperature of the conductor, and the 
kind of material from which the conductor is made. 

5. Color codes are used to identify values of small 
wattage (2 watts and under) resistors. 

6. Conductors are materials which have low resistance 
to current flow while insulators have high resistance 
to current flow. Semiconductors lie in between con- 
ductors and insulators in their resistance to current. 


TEST YOUR KNOWLEDGE, Chapter 2 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 


MATCHING QUESTIONS: Match the following 
definitions with the correct terms. 
a. Volt. c. Circular mil. 
b. Amp. d. Siemens. 
. Standard unit of measurement for electric current. 
. Standard unit of measurement for electrical 
conductance. 
3. Standard unit of measurement for electrical 
pressure of force. 
4. Standard unit of measurement for cross-sectional 
area of round wire. 


5. The prefixes KILO and MEGA denote units that 
are (larger, smaller) than the basic unit. 


Ne 


6. 


11. 
. Make the following conversion: 


Give the abbreviations for the following when used 
in formulas: 

a. Electric current. 

b. Resistance. 

c. Voltage. 


. Briefly explain the two theories on the direction 


of current flow. 


. Why are insulators used? 


is the opposition to the flow of electrical 
current. l 


. Physical size of a resistor is rated in: 


a. Amperes. 

b. Volts. 

c. Watts. 

d. None of the above. 

What is an ohmmeter used to measure? 


a. 43000 = kQ. 

b. 16,000 V = mV. 
C 931A. pA. 

d. 1,270,000 V = — kV. 
E 

f 


. .05 kQ o 
. 28 pA = mA. 


g. 225V =_ kV 


. Give the values for the following color coded 


resistors: 


a. blue red black gold = 


— o. 

b. white brown orange silver = 
E 

c. yellow violet red (no 4th band) = 
== IA 

d. brown black green silver = 
i OR 

e. gray red gold gold = 
A 

f. orange black brown gold = 
EA 6: 

g. brown red black (no 4th band) = 
E y ON 

h. blue gray gold silver = 
e 


FOR DISCUSSION 


1. Discuss the idea of electron current flowing one way 
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in an external circuit (— to +) and the other way 


Conductors, Insulators, and Semiconductors 


(+ to —) in the power source or battery. Discuss the reasons why this is so. 

2. A good understanding of the relationship between 3. Relate the concept of resistance to other areas of 
conductors, insulators, and semiconductors is your daily life. In what other ways do you see its 
important in the study of electricity and electronics. effect? 


TERETA 


Resistors are scattered among other electrical components in this stereo receiver. 
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} 
s 
z. 
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Some dry batteries, like these, are rechargeable. To allow this, the chemical reaction causing the electrical 
current must be reversed. 


PENNY NICKEL 


GRAPEFRUIT 


Basic principle of a battery: when two unlike elements 

are placed in a chemical, the reaction of the elements 

to the chemical creates an electrical potential (charge) 
between the elements. 
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Case 39 | Electrolyte 
3 y Absorbent 
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Anode 
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Barrier 


Outer Steel 


Insulator 
Spacer 


‘event Area 


Modern dry battery in cutaway. Center rod is the 

positive electrode (terminal). The case is the 

negative electrode. A chemical ‘‘paste’’ sur- 

rounds the center rod and is in electrical contact 
with the battery case too. 


Batteries are an important source of electrical power. We use them widely in portable electrical/electronic 
units. Among these are flashlights, watches, radios, cameras, automobiles, toys, and calculators. 
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After studying this chapter, you will be able to: 
List the six basic sources of electricity. 
Explain the chemical action that creates electricity 
in various types of cells. 
Define polarization. 
Distinguish between series and parallel connections 
in batteries. 
Calculate the output voltage of batteries connected 
in series. 
Demonstrate proper use of a hydrometer and 
explain its use. 
Calculate the theoretical capacity of a battery. 


Every student knows the story of Benjamin Franklin 
and his kite. For centuries before Franklin, scientists 
and philosophers had observed lightning. It was 
through the experimentation and research of Dr. 
Franklin that the relationship between lightning and 
static electricity was confirmed. What is electricity and 
where does it come from? Years before the discovery 
of the electron theory by J. J. Thomson, it was sug- 
gested by Dr. Franklin that electricity consisted of many 
tiny particles or electric charges. He further theorized 
that electrical charges were created by the distribution 
of electrical particles in nature. 

We have learned that a potential difference or elec- 
tromotive force (emf) is created when electrons are 
redistributed. A body might assume a charge; its 
polarity is determined by the deficiency or excess of 
electrons. People since have turned their scientific 
interests and research to the development of machines 
and processes which will cause an electrical imbalance 
and an electrical pressure. 

There are six basic sources of electricity or elec- 
tromotive force. They are friction, chemical action, 
light, heat, pressure, and magnetism. 


Chapter 3 


SOURCES OF 
ELECTRICITY 


In this chapter, we will discuss producing electricity 
from chemical action or batteries. You will also learn 
how electricity is produced by light, by solar batteries, 
by pressure, and from heat. 


3.1 CHEMICAL ACTION 


One of the more familiar sources of an electrical 
potential or voltage is the battery. In 1790, the Italian 
scientist, Galvani, observed a strange phenomena dur- 
ing the dissection of a frog supported on copper wires. 
Each time he touched the frog with his steel scalpel, 
its leg would twitch. Galvani reasoned that the frog’s 
leg contained electricity. 

As a result of these experiments, Alessandro Volta, 
another Italian scientist, invented the electric cell, 
named in his honor, called the Voltaic Cell. The unit 
of electrical pressure, the VOLT, is also named in his 
honor. Volta discovered that when two dissimilar 
elements were placed in a chemical which acted upon 
them, an electrical potential was built up between them. 
Thus, electricity can be produced by chemical action. 

The student may construct several voltaic cells to 
demonstrate this action. Cut a one inch square of blot- 
ting paper and soak it in a strong salt solution. Place 
the wet paper between a penny and a nickel as shown 
in Fig. 3-1. If a sensitive meter is connected to the coins, 
it will indicate that a small voltage is present. 

In Fig. 3-2 electricity is created by a grapefruit. Make 
small cuts in the skin of a grapefruit. In one cut, place 
the penny; in the other, the nickel. Once again, a meter 
will indicate a voltage. A better cell may be made by 


- placing a carbon rod (these may be removed from an 
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old dry cell) and a strip of zinc in a glass jar contain- 
ing an acid and water solution, Fig. 3-3. Follow all 
safety precautions. when performing experiments. 


Electricity and Electronics 


NICKEL 


ES 
BLOTTING 
PAPER 
w, À 


Fig. 3-1. A simple cell is produced by a nickel, a penny, and 
a salt solution. 


PENNY NICKEL 


GRAPEFRUIT 


Fig. 3-2. A grapefruit will produce enough electricity to 
operate a small transistor radio. 


CARBON 


LIGHT 


ACID AND WATER SOLUTION 
“~~ GLASS JAR 


Fig. 3-3. An experimental cell, made with zinc, carbon, and 
acid. 


LESSON IN SAFETY: When mixing acid and water, 
always pour acid into water. NEVER pour water into 
acid. Acid will burn your hands and your clothing. 
Wash your hands at once with clear water if you spill 
acid on them. Acid may be neutralized with baking 
soda. See your instructor for first aid treatment! 
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When the polarity of the carbon rod is tested, it will 
be positive. The zinc will be negative. If a wire is con- 
nected between these elements or electrodes, a current 
will flow. A VOLTAIC CELL can be described as a 
way of converting chemical energy into electrical 
energy. 

In the above mentioned example of a voltaic cell, 
the sulfuric acid (H2504) and water (H20) solution is 
also known as ELECTROLYTE. When the electrodes 
are placed in this acid electrolyte, a chemical action 
takes place. The sulfuric acid breaks down into positive 
ions (2H*) and negative ions (SO¿7). The negative 
ions move toward the zinc electrode, and combine with 
it by making zinc sulfate (ZnSO4). The positive ions 
move toward the carbon electrode. This action creates 
a potential difference between the electrodes. The zinc 
will be negative. The carbon will be positive. This cell 
will develop about 1.5 volts. 

If a load, such as a light, is connected to the cell, 
a current will flow and the light will glow, Fig. 3-3. 
As the cell is used, the chemical action continues until 
the zinc electrode is consumed. The chemical equation 
for this action would be: 

Zn +H,504 + H:O— ZnSO, + H:O + Hat 

Zinc plus sulfuric acid plus water chemically reacts 
to form zinc sulfate and water and free hydrogen gas. 
This cell cannot be recharged because the zinc has been 
consumed. It is called a PRIMARY CELL. The 
chemical action cannot be reversed. 


DEFECTS IN PRIMARY CELLS 


One might think that the chemical action of the 
voltaic cell would continue to produce a voltage as long 
as the active ingredients of the cell were present. In 
studying the equation for the discharge of the cell, you 
will observe the formation of free hydrogen gas. Since 
the carbon electrode does not enter into chemical 
action, the hydrogen forms gas bubbles. These collect 
around the carbon electrode. As the cell continues to 
discharge, an insulating blanket of bubbles will form 
around the carbon. This reduces the output and ter- 
minal voltage of the cell. The cell is said to be 
POLARIZED. The action is called POLARIZATION. 

To overcome this defect in the simple voltaic cell, 
a DEPOLARIZING AGENT may be added. Com- 
pounds which are rich in oxygen, such as manganese 
dioxide (MnO,), are used for this purpose. The oxygen 
in the depolarizer combines with the hydrogen bub- 
bles and forms water. This chemical action appears as: 


2MnO,2 + H: — Mn203 + H,O 


The free hydrogen has been removed, so the cell will 
continue to produce a voltage. 
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One might assume that when current is not being used 
from the cell, the chemical action would also stop. 
However, during the smelting of zinc ore, not all im- 
purities are removed. Small particles of carbon, iron, 
and other elements remain. These impurities act as the 
positive electrode for many small cells within the large 
cell. But this chemical action adds nothing to the elec- 
trical energy produced at the cell terminals. This action 
is called LOCAL ACTION. It may be reduced by using 
pure zinc for the negative electrode, or by a process 
called AMALGAMATION. A small quantity of mer- 
cury is added to the zinc during manufacturing. As mer- 
cury is a heavy liquid, any impurities in the zinc will 
float on the surface of the mercury, causing them to 
leave the zinc surface. This process increases the life 
of a primary cell. 


THE ZINC-CARBON CELL 


Although the primary cell has been described as a 
liquid cell, the liquid type is not in common use. 
Rather, the primary cell is often a DRY CELL. A dry 
cell averts the danger of spilling liquid acids. 

Flashlight batteries (cells) are examples of a dry cell. 
The dry cell consists of a zinc container which acts as 
the negative electrode. A carbon rod in the center is the 
positive electrode. Surrounding the rod is a paste made 
of ground carbon, manganese dioxide, and sal am- 
moniac (ammonium chloride), mixed with water. The 
depolarizer is the MnO». The ground carbon increases 
the effectiveness of the cell by reducing its internal 
resistance. During discharge of the cell, water is formed. 


MALLORY BATTERY CO. 
Fig. 3-4. Popular sizes of alkaline cells. 
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You may recall having difficulty removing dead cells 
from a flashlight. The water caused them to expand. 
Although this problem has been solved by improved 
manufacturing techniques, it is still not advisable to 
leave cells in your flashlight for long periods of time. 
You should keep fresh cells in your flashlight, so it will 
be ready for emergency use. 

LESSON IN SAFETY: Improper battery use may 
cause leakage and explosion. Therefore, obey the 
following precautions. 

1. Install the batteries with the positive (+) and negative 
(—) polarities in the proper direction. 

Do not use new and old batteries together. 

Do not use carbon zinc batteries with other types 
of batteries. 

Never attempt to short circuit, disassemble, or heat 
batteries. Do not throw batteries in fire. 

Carbon zinc batteries are not rechargeable. If 
recharged, they may leak and explode. 


2. 
3, 


4. 


THE ALKALINE CELL 


The alkaline battery is composed of manganese diox- 
ide for the positive activating substance, zinc powder 
for the negative activating substance, and caustic alkali 
for the electrolyte. Recent progress in elecfronic prod- 
uct design has demanded more compact supply sources. 
The number of products needing a large current and 
a large capacity have increased. This requires the 
development of more advanced batteries. Cylindrical 
alkaline batteries are now widely used to supply power 
for electronic products. They can be used with com- 
mon manganese dioxide batteries, Figs. 3-4 and 3-5. 
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(+) INSULATION RING 
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OUTER METAL JACKET 
GASKET 


SHARP STEEL STRIP 
(—) INSULATION RING 


— BOTTOM PLATE . n 
PANASONIC BATTERY SALES DIVISION 
Fig. 3-5. Cutaway of an AA size alkaline cell. 
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THE MERCURY CELL 


A relatively new type of dry cell is shown in Fig. 3-6. 
It is called a mercury cell. It creates a voltage of 1.34 
volts by the chemical action between zinc (—) and mer- 
curic oxide (+). It is costly to make. However, the mer- 
cury cell is better in that it creates about five times more 
current than the conventional dry cell. It also main- 
tains its terminal voltage under load for longer periods 
of operation. The mercury cell has found wide use in 
powering field instruments and portable communica- 
tions systems. 


ae eye UNL 


“ag 2 


PE 
> 


Tp ora 


Fig. 3-6. Mercury cell. lt creates voltage by chemical action 
between zinc and mercuric oxide. 


nLi+(CFìn ————» nLiF+nC 

8Li+ 3SOCl, ——» 6LiCI+Li.SO03;+2S 
2Li+ CuF, —————» 2LiF+Cu 
2Li+NiF, ———— 2LiF+Ni 

2Li+ 250, SSS Li2S204 

2Li+ 2Mn02 —————=  Li20 + Mn203 


2Li + Ag¿CrO, SSS Li2CrO, =P 2Ag 


Conventional batteries 


Zn+ 2Mn02 ———— Zn?- + 2Mn0O0Oh 
Zn+HgO ——————= Zn(OH)2~ +Hg 
Zn+Ag20 ————= Zn0+2Ag 


LITHIUM CELL 


Lithium has the highest negative potential of all 
metals. It is, therefore, the best substance for an anode. 

Many battery make-ups are possible by mixing 
lithium with various cathode substances. 

Energy densities of these batteries can be computed 
by RESPECTIVE REACTION EQUATIONS. Fig. 
3-7 shows energy densities of lithium batteries com- 
pared with those of conventional batteries. Even if high 
voltage batteries are desired, batteries using water-based 
(aqueous) electrolyte cannot be used in lithium bat- 
teries. Lithium batteries have high energy density due 
to a non-aqueous organic solvent for electrolyte. 

Features of lithium batteries, such as voltage and 
discharge capacity, are determined by the type of 
cathode substance used. Fluorocarbon is an INTER- 
CALATION (inserted between or among existing ele- 
ments) compound. It is produced through reaction of 
carbon powder and fluorine gas. It is expressed in (CF)n. 

Lithium is the lightest metal, with an electric capacity 
of 3.86 Ah/g. The electrode reaction is expressed by 
Li-Li+ + e where the lithium is dissolved during 
discharge. Lithium is also the most negative metal with 
a standard electromotive force of Eo — 3.045 V. 
Therefore, lithium is the most suitable anode for pro- 
duction of high voltage and light weight batteries. 

If an alkalimetal salt is dissolved in a non-aqueous 
organic solvent, an electrolyte with ionic conduction 
will be produced. An aprotic organic solvent with a 
high dielectric constant, low viscosity, and a high boil- 
ing point is used for the electrolyte. Refer to Fig. 3-8. 


SILVER OXIDE CELLS 


Silver oxide cells have several advantages over other 
types of cells. These advantages include: 
e Very stable discharge voltage. 
e Excellent high discharge characteristics. 


Poly-carbonmonofluoride Lithium Battery 
Thionyl Chloride Lithium Battery 


Sulfur Dioxide Lithium Battery 
Manganese Dioxide Lithium Battery 
Silver Chromate Lithium Battery 


Carbon Zinc Battery 
Mercury Battery 
Silver Oxide Battery 


PANASONIC BATTERY SALES DIVISION 


Fig. 3-7. Theoretical energy densities of lithium batteries compared with conventional batteries. 
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Fig. 3-8. Cross-sectional view of a cylindrical shaped lithium 
battery. 


ə High energy density per unit volume. 
e Wide range of operating temperatures. 
e Compact, thin size. 

Compact silver oxide batteries have the highest elec- 
trical volume and leakage resistance of any battery of 
that size. This is particularly true when used in watches. 
Two types of silver oxide batteries are made for use 
in watches. One type uses caustic potash for electrolyte. 
The other uses caustic soda. The caustic potash bat- 
tery has the symbol W on the bottom of the battery. 
It is for high drain use. It is used in wristwatches with 
LCD lamps and multi-function analog watches. The 
caustic soda battery has the symbol SW on the bot- 
tom of the battery. It is for low drain use, and is used 
mostly in single function analog watches. Fig. 3-9 
shows a cutaway of a silver oxide cell. 


NICKEL-CADMIUM RECHARGEABLE CELL 


Another development in the field of dry cells is the 
rechargeable cell. Basically, these are nickel-cadmium 


ANODE 


CELL CAN ANODE CAP 


CATHODE 
SLEEVE 


CATHODE 
ELECTROLYTE IN ABSORBENT | 


“PANASONIC BATTERY SALES DIVISION 
Fig. 3-9. Cutaway view of a silver oxide cell. 


alkaline batteries with paste rather than liquid for the 
electrolyte. Among the many advantages of these cells 
is their ability to be recharged. Other advantages 
include long life, high efficiency, compactness, and 
light weight. The nickel-cadmium cell will produce a 
high discharge current due to its low internal resistance. 
A flashlight using a rechargeable cell is shown in Fig. 
3-10. Other uses include the powering of transistor 
radios. burglar alarm systems, photo-flashes, and 
aircraft instruments. 

A nickel-cadmium “D” cell with a built-in solar cell 
charger is shown in Fig. 3-11. This cell can be installed 
in flashlights, radios, communications equipment, etc. 
It takes up the same amount of space that a standard 
battery requires. Yet, it provides solar battery regenera- 
tion for years, without the use of any outside charg- 
ing device. 


GULTON INDUSTRIES, INC. 
Fig. 3-10. This battery powered flashlight can be recharged 
by plugging it into any 115 volt outlet. 


M.J,R. CO, 
Sunlight can be used to recharge this solar nickel- 
cadmium cell. 


Fig. 3-11. 
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One type of nickel-cadmium.cell uses positive and 
negative plates, a separator, alkaline electrolyte, a metal 
case, and a sealing plate with self-resealing safety vent. 
It is shown in Fig. 3-12. 

The positive plate is a porous, sintered nickel base 
plate. It is filled with nickel hydroxide. The negative 
plate is a punched plate of thin steel, coated with cad- 
mium active material. The separator is made of a 
polyamide fiber. For high temperature uses, it is made 
of a nonwoven polypropylene fiber. The positve plate, 
separator, and negative plate are pressed together, 
wound into a coil, and inserted in the metal case. 

The electrolyte is an alkaline aqueous solution. It 
is totally absorbed into the plate and separator. The 
metal case is constructed of nickel-plated steel. It is 
welded on the inside to the negative plate. It becomes 
the negative pole. The sealing plate uses a special liq- 
uid sealing agent to form a perfect seal. The positive 
plate is welded on the inside to the sealing plate. It 
becomes the positive pole. The self-resealing safety vent 
permits the discharge of gas in the event of an abnor- 
mal increase of internal pressure. This prevents against 
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Fig. 3-12. Construction of a nickel-cadmium cell. 


rupture or other damage. The vent is made of a special 
alkaline and oxidation resistant rubber. This insures 
that operating pressure and safety features will be 
retained over a long period of time. 

The electromechanical processes of a nickel-cadmium 
alkaline cell are outlined below: 


Positive Negative Electrolyte Positive Negative 
Discharge 
2Ni00H + Cd + 2H20 = 2Ni(OH): + CA(OH): 
Charge i 
Oxy-Nickel Cadmium Water Nickel Cadmium 
hydroxide hydroxide hydroxide 


In this process, charging and discharging are reversed 
in a very efficient manner. The electrical energy used 
during discharge is regained during recharge. 

During the final charging stage, an oxygen gas is 
created with the reaction occurring at the positive: 


40H 7 =pa + 2020 + 4e7 ...(1) 


Hydroxide Oxygen 
ions 


Positive 


Water Electrons 


This oxygen passes through the separator to the 
negative. After this, an absorption reaction takes place 
at the negative and absorption occurs. 


Negative Qz +2H20 + 4e 7 40H” ...(2) 


Oxygen Water Electrons Hydroxide ions 


THE BATTERY 


Often, a single cell is called a battery. By strict defini- 
tion, however, a battery consists of two or more cells 
connected together. These cells are enclosed in one case. 

In the study of electricity, it is important to under- 
stand the purpose and results of connecting cells in 
groups. First, consider the series connection. In this 
method the positive terminal of one cell is connected 
to the negative terminal of the second cell. In Fig. 3-13, 
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Fig. 3-13. Pictorial and schematic diagram of four cells connected in series. 
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four cells are connected in SERIES. The output voltage 
will equal 


Eout = Bone cell X n, 
where n equals the number of cells. So, 


Eout = 1.5 volts x 4 = 6 volts. 


Notice that the voltage has increased four times. 
However, the capacity of the battery to supply a cur- 
rent is the same as one cell. Cells are connected in this 
manner to supply higher voltages for many uses. A 
flashlight may use two or more cells in series. B bat- 
teries for portable radios have many cells in series to 
produce 22 1/2, 45, or 90 volts. The amperage does 
not increase by connecting cells in series. 

In Fig. 3-14, the positive terminals have been con- 
nected together, and the negative terminals have been 
connected together. These cells are connected in 
PARALLEL. The total voltage across the terminals 
of the battery is the same as one cell only. Although 
the voltage has not increased, the life of the battery 
has been increased because the current is drawn from 
all cells instead of one. The amperage is added by con- 
necting cells in parallel. Generally speaking, if the load 
applied to the battery is a low resistance load, it is better 
to use the parallel connection. For a high resistance 
load, use the series connection. 

Cells can also be connected in a mixed grouping. In 
Fig. 3-15, two groups of batteries with 6 volts terminal 
voltage are connected in parallel. Total voltage is still 
6 volts. But the capacity has been increased by this 
SERIES-PARALLEL method of connecting cells. The 
total current is added for 2 amperes. 
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Fig. 3-14. Pictorial and schematic diagram of four cells con- 
nected in parallel. 


2 AMPERES 


2 AMPERES 


Fig. 3-15. Pictorial and schematic diagram of two groups of 
cells connected in series and those two groups connected in 
parallel. 


SECONDARY CELLS 


A secondary cell can be recharged of restored. The 
chemical reaction which occurs on discharge may be 
reversed by forcing a current through the battery in 
the opposite direction. This charging current must be 
supplied from another source, which may be a 
generator or a power company. Fig. 3-16 shows one 
type of battery charger used by garages and gas sta- 
tions for recharging automobile batteries. An alter- 
nating current, which will be studied in a later chapter, 


CENTURY MFG. CO. 


Fig. 3-16. This type of quick charger is used on car batteries. 
It is found in many service stations. 
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must be RECTIFIED to a direct current for charging 
the battery. 


LEAD ACID CELLS 


A common type of lead acid cell is the car storage 
battery. A storage battery does not store electricity. 
Rather, it stores chemical energy which produces elec- 
trical energy. The active ingredients in a fully charged 
battery are lead peroxide (PbO2) which acts as the 
positive plate, and pure spongy lead (Pb) for the 
negative plate. The liquid electrolyte is sulfuric acid 
(H2S0O4) and water (H20). The positive plates are a 
reddish-brown color. Negative plates are gray. 

The chemical reaction is rather involved. However, 
study the information given in Fig. 3-17. Notice that 
during discharge, both the spongy lead and the lead 
peroxide (also called lead dioxide) plates are being 
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CHEMICAL ACTION 


ELECTROLYTE 
(SULPHURIC ACID 
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changed to lead sulfate and the electrolyte is being 
changed to water. When the cell is recharged, the 
reverse action occurs. The lead sulfate changes back 
to spongy lead and lead peroxide; the electrolyte to 
sulfuric acid. 

LESSON IN SAFETY: During the charging process 
of a storage battery, highly explosive hydrogen gas may 
be present. Do not smoke or light matches near charg- 
ing batteries. Charge only in a well ventilated room. 
Batteries should be first connected to the charger, 
before the power is applied. Otherwise, the sparks made 
during connection might ignite the hydrogen gas and 
cause an explosion. 

The electrolyte of a fully charged battery is a solu- 
tion of sulfuric acid and water. The weight of pure 
sulfuric acid is 1.835 times heavier than water. This 
is called its specific gravity. 


` THE CHEMICAL FORMULA 
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Fig. 3-17. How a secondary, or storage cell works. 
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SPECIFIC GRAVITY is the weight of a liquid as 
it compares to water. The specific gravity of water is 
1.000. The acid and water mixture in a fully charged 
battery has a specific gravity of approximately 1.300 
or less. As the electrolyte changes to water when the 
cell discharges, the specific gravity becomes 
approximately 1.100 to 1.150. Therefore, the specific 
gravity may be used to determine the state of charge 
of a cell. The instrument used to measure the specific 
gravity is a HYDROMETER, Fig. 3-18. 

Readings may be taken from the floating bulb and 
scale. The principle of the hydrometer is based on 
Archimedes principle in physics. This states that a 
floating body will displace an amount of liquid equal 
to its own weight. If the cell is in a fully charged state, 
the electrolyte liquid is heavier, so the float in the 
hydrometer will not sink as far. The distance that it 
does sink, is calibrated in specific gravity on the scale. 
This can be read as the state of charge of the cell. 

The plates of a modern lead acid cell are made of 
a grid of special lead-antimony alloy. A paste of the 
chemically active material is pressed on the grid, Fig. 
3-19. The grid holds the material in place and adds 
mechanical strength. When the paste on the plate grids 
is hard and dry, each plate is formed to its correct 
chemical material by placing it in an electrolyte, and 
passing a current through it in the proper direction. 
One direction makes a positive plate; the opposite direc- 
tion, a negative plate. Refer again to Fig. 3-19. It shows 
the construction of a cell, which consists of alternate 
negative and positive plates grouped together. All 
negative plates and all positive plates are connected 
together by a lead plate strap at the top. The plates 
are insulated from each other by separators. These 
separators are thin, porous layers of insulation. They 


are usually made of wood, rubber, or spun glass. 

LESSON IN SAFETY: Sulfuric acid used in auto- 
motive storage batteries will burn your hands, eat holes 
in your clothes and generally destroy other materials 
which it contacts. When testing a cell with a 
hydrometer, be certain that small drops of acid at the 
end of the rubber tube do not drip on you or on nearby 
objects of value. Hold the hydrometer over the bat- 
tery filler hole while taking readings. Store hydrometer 
in hanging position in glass or rubber jar. 


jo 


EXIDE SALES, ELECTRIC STORAGE BATTERY CO. 
Fig. 3-18. A hydrometer is used to check the state of charge 


of a battery. This tool is used in many service stations to check 
the charge of car batteries. 
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LESSON IN SAFETY: Expensive storage batteries 
may be destroyed by excessive vibration and rough 
handling. Chemicals may break off from the plates, 
and cause internal short circuits and dead cells. Han- 
dle a battery gently and be sure it is securely clamped 
and bolted in your car. 

In the 12 volt automotive battery, six of these cells 
are placed in a molded hard rubber case. Each cell has 
its own individual compartment. At the bottom of each 
compartment a space sediment chamber is provided. 
This is where particles of chemicals broken from the 
plates due to chemical action or vibration, may col- 
lect. Otherwise, these particles might short out the 
plates and make a dead cell. 

The individual cells are connected in series by lead 
alloy connectors. The entire battery is then sealed with 
a battery-sealing compound. Each cell is provided with 
a filler cap, so that the distilled water may be added 
to the electrolyte as it evaporates. Periodically check 
the liquid level in each cell. It should be about 1/4 in. 
above the top edges of the plates. If the electrolyte does 
not completely cover the plates, the ends of the plates 
exposed to air will become seriously sulfated or coated 
with a hard inactive chemical compound. Badly 
sulfated batteries have a short life. Maintenance free 
batteries are also available. - 

LESSON IN SAFETY: Storage batteries are heavy. 
Use the proper carrying strap when moving a battery. 
Get help from a fellow worker when lifting a battery 
into a car. Do not strain yourself by improper lifting. 


DELCO-REMY DIV., GENERAL MOTORS CORP. 
Fig. 3-19. Cutaway view of a typical lead acid battery. This 
battery is designed for maintenance free use in automobiles. 
Note the arrangement of plates and intercell connectors. 


Electricity and Electronics 


BATTERY CAPACITY Automotive Engineers (SAE) has set standards for the 
rating of automotive batteries. A manufacturer must 
It is important that you understand the term meet these standards in order to advertise a battery as 
CAPACITY as it relates to batteries. The capacity of a specific ampere-hour capacity. 
a battery is its ability to produce a current over a cer- Several factors determine the capacity of a storage 
tain period of time. It is equal to the product of battery: 
amperes supplied by the battery and the time. Capacity 1. The number of plates in each cell. An increased 


is measured in AMPERE-HOURS (AH). The descrip- number of plates provides more square inches of 
tion of an automotive battery might indicate a capac- surface area for chemical action. Automotive bat- 
ity of 100 ampere-hours. This would mean that the bat- teries are commonly made with 13, 15, and 17 plates 
tery could supply: per cell. The number of plates is a determination 
100 amps for 1 hr. 100 x 1 = 100 amps hrs. of the life and quality of a battery. 

50 amps for 2 hrs. 50 x 2 = 100 amps hrs. 2. The kind of separators used will have some effect 

10 amps for 10 hrs. 10 x 10 = 100 amps hrs. on the capacity and life of a battery. 

l amp for 100 hrs. l x 100 = amp hrs. 3. The general condition of the battery with respect 

A battery will not perform exactly by this schedule, to its state of charge, age, and care will influence 
as the RATE OF DISCHARGE must always be con- the capacity rating of any given battery. 
sidered. A rapidly discharged battery will not give its To compare primary and secondary cells and bat- 


maximum ampere-hour rating. A slowly discharged teries, refer to Fig. 3-20. Note that their most common 
battery may exceed its rated capacity. The Society of uses are given. 
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Fig. 3-20. Comparison of primary and secondary batteries and their uses. 
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REVIEW QUESTIONS FOR SECTION 3.1 


1. Explain how a primary cell operates. 

2. Name four primary cells. 

3. What are the advantages of a silver oxide cell? 
4, 

5! 


Name two types of rechargeable secondary cells. 

Connecting cells in series increases their 
rating. 

6. Give some typical uses for zinc carbon and 

alkaline batteries. 


3.2 OTHER SOURCES OF 
ELECTRICAL ENERGY 


ELECTRICAL ENERGY FROM LIGHT 


For many years scientists have attempted to 
transform light energy from the sun into useful 
amounts of electrical power. Although certain 
experimental equipment has been successful, wide- 
spread use of solar power is still in its infancy. 

Just as light may be produced by an electric current 
running through a resistance or filament in a light bulb, 
light may also produce an electric current. The 
PHOTOVOLTAIC CELL is one device which makes 
this conversion. This device will develop an electrical 
potential between its terminals, when the surface of 
the cell is exposed to light. . 

A selenium photovoltaic cell is constructed of a layer 
of selenium compound, a barrier layer, and transparent 
front electrode, Fig. 3-21. When light strikes the sur- 
face, electrons from the selenium compound cross the 
barrier. This creates a potential difference between the 
base plate and the front electrode. The electrons can- 
not return to the selenium compound because the bar- 
rier permits conduction in one direction only. It is a 


| DIRECTION OF ELECTRON FLOW 


oN DIRECTION OF HOLE FLOW 


Fig. 3-21. Typical structure of a photovoltaic cell. 


INTERNATIONAL RECTIFIER CORP. 


UNIDIRECTIONAL CONDUCTOR. Fig. 3-22 shows 
the construction of a solar photovoltaic cell. 

Fig. 3-23 shows sun batteries used by experimenters. 
The batteries may be connected in series and parallel 
for higher power requirements. 


HONEYWELL, INC. 
Fig. 3-22. Solar photovoltaic cell construction. 


VACTEC, INC. 


Fig. 3-23. Selenium photovoltaic cells, mounted and 
unmounted, with and without leads. 
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Other uses for photocells include light meters used 
in photography. In this application, a sensitive meter 
responds to the current generated by the cell. The 
brighter the scene, the greater deflection of the meter. 


+ 
CELL SYMBOL 
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Fig. 3-24. Photocells and their symbol. Various sizes are 
shown; both hermetic packages and plastic coated. 


Fig. 3-24 shows some photosensitive cells used to con- 
trol the amount of light reaching the film. Photocells 
are used in industry for counting, sorting, and 
automatic inspection. 


PHOTOELECTRIC CONTROL 


A photoelectric control device using a photocell is 
shown in Fig. 3-25. When light shines on the cell, the 
resistance of the circuit changes. A cadmium-sulphide 
photocell is a light variable resistor. It is most sensitive 
in the green to yellow portion of the light spectrum. 
With it you can use light to control many electronic 
devices. Photocells are used in counting operations, 
burglar alarms, door opening mechanisms, and in 
many other devices. 


ELECTRICAL ENERGY FROM HEAT 


A device used to indicate and control the heat of elec- 
tric ovens and furnaces is shown in Fig. 3-26. It is called 
a THERMOCOUPLE. When two dissimilar metals in 
contact with each other are heated, a potential dif- 
ference will develop between the metals, Fig. 3-27. 


PHOTOELECTRIC CONTROL 
PARTS LIST 


Ri, Re — 100 Ohms, 1/2 W 

Ra — 1000 Ohms, Potentiometer 
Q,, Oz — 2N408, Transistors 

K, — 4.6 mA, Relay 

PC, — Photocell, (Sylvania 8143) 


Fig. 3-25. Schematic and parts list for photoelectric control. 


Sources of Electricity 


SSS dae RRA 


OMEGA GROUP CO. 


Fig. 3-26. Small thermocouple. 
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Fig. 3-27. The basic principle of the thermocouple can be 
demonstrated by heating two dissimilar wires twisted together. 


In the demonstration of Fig. 3-27, an iron stovepipe 
wire and a copper wire are twisted tightly together. 
Their ends are connected to a sensitive meter such as 
a GALVANOMETER. A galvanometer is a device that 
is capable of measuring very small currents. When the 
flame of a lit match heats the twisted joint, a reading 
can be observed on the meter indicating that an elec- 
tromotive force is present. Output voltage of a ther- 
mocouple may be strengthened and used to work large 
motors, valves, controls, and recording devices. 

Commercial types of thermocouples employ various 
kinds of dissimilar metals and alloys such as nickel- 
platinum, chromel-alumel, and iron-constantan. These 
unfamiliar names apply to special alloys developed for 
thermocouples. 

The combination indicating device including meter 
and thermocouple is a PYROMETER. See Figs. 3-28 


to temperature change, 


53 


OMEGA GROUP CO. 


Fig. 3-28. Temperature is measured with this instrument by 
pointing it at the heat. f 


JOHN FLUKE MFG. CO. 


Fig. 3-29. Attaching a thermocouple module to a digital 
multimeter allows the thermocouple to be used to measure 
temperature. 


and 3-29. For an instrument which must be sensitive 
a large number of 
thermocouples may be joined in series. Such a group 
is known as a THERMOPILE. 
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ELECTRICAL ENERGY FROM 
MECHANICAL PRESSURE 


Many crystalline substances such as quartz, tour- 
maline, and Rochelle salts have a peculiar character- 
istic. When a voltage is applied to the surfaces of the 
crystal, the crystal will become distorted. The opposite 
is also true. If a mechanical pressure or force is applied 
to the crystal surface, a voltage will be developed. The 
crystal microphone, Fig. 3-30, is a familiar example of 
this process. Sound waves striking a diaphragm mechan- 
ically linked to the crystal surfaces, cause distortion in 
the crystal. This develops a voltage across its surfaces. 
Thus, sound waves are converted to the electrical energy. 

Another familiar application is the phono cartridge 
installed in the pick-up arm of a record player. The 
phonograph needle is moved by the sound grooves in 
the record. The moving needle applies mechanical 
pressure to the crystal in the cartridge and an electrical 
potential is developed. The potential will vary in fre- 
quency and magnitude according to the movement of 
the needle. The varying potential is amplified and con- 
nected to a speaker. You hear the voice or music. 

Creating electricity by the mechanical distortion of 
a crystal is know as PIEZOELECTRIC EFFECT. 
Crystals may be cut for particular operating 
characteristics. In a later chapter, the use of crystals 
as frequency controls for radio transmitters will be 
discussed. 


ELECTRICITY FROM MAGNETISM 


A current primary source of electrical energy is the 
dynamo or generator. Generators prove that magnetism 
can produce electricity. 

A GENERATOR is a rotating machine that converts 
mechanical energy into electrical energy. This source 
of electricity requires detailed study. Chapter 7 is 
devoted to generators, generator types, and controls. 
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Fig. 3-30. Crystal microphone converts sound waves to elec- 
trical energy. 
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REVIEW QUESTIONS FOR SECTION 3.2 


. The produces electricity from light. 

. A light variable resistor is called a 

. What device is used to produce electricity from 
heat? 


. The effect of producing electricity from pressure 
is 

. Sketch ad explain how a photovoltaic cell 
operates. 


EXPERIMENT |. Construct a cell using a penny, a 
nickel, and blotting paper soaked in salt solution. 
Measure the voltage with a multimeter. 


EXPERIMENT Il. Construct a thermocouple by 
twisting the ends of a copper and an iron wire 
together. Connect the wires to a voltmeter. Then 
heat the junction with a match. Observe the voltage 
developed. 


EXPERIMENT IIl. Obtain these materials: 4 flashlight 
cells, 4 cell holders, and 1 voltmeter. Connect the 
cells in series, as in Diagram 1. 


+ | + | [- +. + E 
A B C D E 
DIAGRAM 1 


What is the voltage between A and B? A and C? 
A and D? A and E? What conclusion do you draw 
from this experiment? 


EXPERIMENT IV. Using the same materials as used 
in Experiment Ill, connect the cells in parallel, as in 
Diagram 2. 


CELLS — 
1 


DIAGRAM 2 
What is the voltage between A and B? Remove cell 
No. 4. Measure voltage from A to B. What is the 
voltage now? Remove cells No. 3 and 4. Measure 
the voltage from A to B. Remove cells No. 2, 3, and 
4. Measure the voltage from A to B. What conclu- 
sion do you draw from this experiment? 


EXPERIMENT V. Secure a sun battery. Connect 
voltmeter leads to battery terminals. Observe meter 
reading. Next, shine a flashlight on the cell and note 
the higher meter reading. Finally, place the cell in 
sunshine and note the still higher meter reading. 
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SUMMARY 


. Electricity can be produced by chemical action. 
. Cells are the basic unit for producing electricity 


by chemical action. Batteries are two or more cells 
connected together. 


. Primary cells cannot be recharged while secondary 


cells can be recharged. 

Some popular primary cells include the zinc-carbon 
cell, the alkaline cell, the mercury cell, the lithium 
cell, and the silver oxide cell. 


. Nickel-cadmium cells and lead-acid cells are secon- 


dary cells. 


. Connecting cells in series (— to +) increases their 


voltage rating while connecting them in parallel 
(— to — and + to +) increases their current rating. 


. Battery capacity is a current producing rating 


measured in ampere-hours (AH). 
A photovoltaic cell produces electricity from light. 
Photoresistive cells are light sensitive resistors. 


. The device used to produce electricity by heat is 


the thermocouple. 


. Electricity can also be produced by applying 


pressure to certain objects such as quartz, tour- 
maline, and Rochelle salts. 


TEST YOUR KNOWLEDGE, Chapter 3 


Please do not write in the text. Place your answers 


on a separate sheet of paper. 


1. 


2. 


Name six basic sources of electricity or elec- 
tromotive force. 
What safety precautions should be taken when 
mixing acid and water? 
i ¿CN is a wey of converting 
chemical energy into electrical energy. 
A cell that cannot be recharged is a: 
a. One-way cell. 
. Secondary cell. 

Primary cell. 


b 
E. 
d. None of the above. 
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10. 


ne 


12. 


13. 


14. 


. Ina 


. Ina 


What is polarization? 
List five advantages silver oxide batteries have over 
other types of batteries. 


. What is the major advantage of the nickel- 


cadmium cell? 

connection, the positive terminal of 
one cell is connected to the negative terminal of 
the second cell. 

connection, all positive terminals 
are connected and all negative terminals are 
connected. 

What is the composition of the electrolyte in a lead 
acid storage battery? 

Specific gravity: 

a. Can be measured with a hydrometer. 


b. Is used to determine the state of charge 
of a cell. 

c. Is the weight of a liquid as it compares 
to water. 

d. All of the above. 

What is the measurement of battery 

capacity? 

A is a device used to indicate and con- 


trol the heat of electric ovens and furnaces. 
What is piezoelectric effect? 


FOR DISCUSSION 


. How does chemical action operate our nervous 


system? Research this question. Write a brief report 
on your findings. 


. Do research on one of the following topics. Give 


a report in class. 
a. The electrical system of a lightning bug. 
b. Electric eel. 


. How can electricity from light be used to solve some 


of our energy problems? What are the restrictions? 


. Why do materials such as quartz have a piezoelec- 


tric effect? 
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SERIES 
CIRCUIT 


SWITCH 
(S,) 


ONLY ONE 
PATH FOR 
CURRENT 


CURRENT 
DIVIDES 
THROUGH THREE 
BRANCHES 


A ‘‘breadboard”’ such as this is a good way to check whether a circuit design will 


work. 


CURRENT 
COMBINES 
FROM THREE Ry 
BRANCHES AND 
FLOWS BACK 
TO POSITIVE 
SIDE OF CELL 


CELL 


LAMP 
(LOAD) 


CELL 
(POWER SOURCE) 


All circuits are one of three types: A— 
SWITCH Series (only one path for current). B— 
(CONTROL) Parallel (has more than one path for cur- 
rent). C—Combination (has both series 


A simple circuit must have all of these parts. and parallel paths for current). 


Electrical power can only be used when electrical current can travel along a pathway and eventually end up where it began. 
This pathway is called a circuit because the current must complete the entire ‘‘circuit.’’ In addition to a path, every circuit has 


a power source, a load, and some type of control. 
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After studying this chapter, you will be able to: 
Identify the fundamentals of a circuit. 
Explain the manufacture of printed circuits. 
Describe the three types of basic circuits. 
Define polarity. 
Explain how to connect meters in a circuit. 
Demonstrate understanding of both Ohm' Law and 
Watts Law by solving a variety of problems. 


4.1 FUNDAMENTALS OF A CIRCUIT 


ELECTRICAL CIRCUITS are complete pathways 
on which electric current flows. Three factors are 
needed for a circuit to operate. Many circuits have a 
fourth factor that provides some type of control of cur- 
rent flow. These factors are voltage source, load, con- 
ductive pathway, and control. See Fig. 4-1. 


VOLTAGE SOURCE 


As was mentioned in Chapter 3, there are six basic 
voltage sources. These are friction, chemical action, 


> 


PATHWAY 
(CONDUCTOR) 
e” 


a 


CONTROL 


Fig. 4-1. Basic factors needed for operation of an electrical 
circuit. 
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Chapter 4 
BASIC CIRCUITS 


heat, light, pressure, and magnetism. Friction is rarely 
used to provide a direct source of voltage in a circuit. 
The other five sources are used in various ways. 

Symbols are used in electrical and electronic circuits 
to present various devices or components. Fig. 4-2 
shows the symbols for voltage sources used to power 
electrical and electronic circuits. 


LOADS 


Every electrical circuit must have some type of load. 
A LOAD is the electrical device which is connected to 
the output of the voltage source. Current flows through 
the load and is consumed by the load. Refer back to 
Fig. 4-1. Some types of loads also provide resistance 
to current flow. These are called RESISTIVE LOADS. 
Without this resistance, an uncontrolled current would 
progress to a point where it would overload the circuit. 


PIEZOELECTRIC 
CRYSTAL 


AC GENERATOR 
(ALTERNATOR) 


EATERY DC GENERATOR 


CHEMICAL ACTION MAGNETISM 


Fig. 4-2. Symbols for basic voltage sources. 
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If a circuit has no resistance, then the circuit is said 
to have a SHORT. Resistance is zero, in this case. If 
there is more than one resistor in a circuit, and some 
are not working while others are, that is a PARTIAL 
SHORT. There is reduced resistance in the circuit. See 
Fig. 4-3 for an illustration of these two conditions. 

When the pathway for current flow is broken, an 
OPEN CIRCUIT occurs. The circuit is incomplete and 
no current flows. 
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Fig. 4-3. Shorts and partial shorts in a circuit. 
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As has been stated, loads are electrical and electronic 
devices or parts that consume current flow. Common 
resistive loads include lamps, resistors, computers, and 
heating elements. Other loads, such as inductors, 
capacitors, solenoids, transformers, and relays will be 
explained in Chapters 11 and 12. They are known as 
inductive and capacitive loads. Symbols for common 
loads are given in Fig. 4-4. 


CONDUCTIVE PATHWAY 


The actual pathway used in circuits to provide for 
electron flow is a conductor of some type. The con- 
ductor may be wire or it may be a thin piece of copper 
adhered to thin plastic. This type of conductor is called 
a PRINTED CIRCUIT. A large current carrying path- 
way is called an ELECTRICAL BUS. 

SCHEMATICS are electrical drawings which show 
the correct wiring of component parts in a circuit. In 
a schematic, the conductors are usually shown as lines. 
Fig. 4-5 shows symbols for connected and disconnected 
conductors. 


CONNECTION 


NOT 
CONNECTED 


NOT 


CONNECTED CONNECTED 


Fig. 4-5. Schematic of wires. 
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Fig. 4-4. Symbols for common electrical loads. 
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Basic Circuits 


To show how a schematic relates to an actual wir- 
ing job, refer to Figs. 4-6 and 4-7. Study these carefully. 

A BREADBOARD is a useful device for learning 
about circuits, Fig. 4-8. A circuit can be laid out on 
the breadboard to learn if it will work. Parts are 
mounted on the board. Temporary connections are 
made. Then the circuit is tested. By using a breadboard, 
you can be sure that the wiring of the circuit is cor- 
rect. You can also be sure that parts with the correct 
values have been used. When you know the circuit will 
work, it can be soldered. 


Printed circuits 

Printed circuits are made from a thin layer of con- 
ducting material, such as copper foil. The conducting 
material is bonded to an insulated board. The copper 
can be bonded on one side or on both sides. 

The actual circuit is made by dipping the board in 
an etchant. Circuit element areas are protected by 
covering with a resist material. Exposed areas are 
dissolved by the etchant. After the board is removed 
from the etchant, the resist material is removed and 
the board is cleaned. It is now ready to be drilled. 

Printed circuit boards can also be made using a 
photographic method. Light-sensitive material covers 
the surface of the board. A negative of the circuit board 


Fig. 4-6. Relationship of actual wiring job to its schematic. 


layout is placed over the board. The board is then 
exposed to light and developed in a manner similar to 
that method used for film. During developing, the 
unexposed areas are washed away. Then the board is 
etched, as was just described. 


RX 
UNKNOWN 
RESISTANCE 


+ Í BATTERY 
Ra 
ME 100 OHMS 
RHEOSTAT à 
(BALANCE) 1/2 MEGOHM RHEOSTAT 
(SENSITIVITY) 


Fig. 4-7. Relationship of actual wiring job to its schematic. 


Fig. 4-8. A breadboard is a useful device for learning about 


circuits. 
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Fig. 4-9 shows a simple printed circuit and its 
schematic. 


CONTROLS 


SWITCHES are electrical devices or components 
that turn circuits on and off. The simplest switch is 
the single-pole, single-throw (SPST) switch. Fig. 4-10, 
of a knife switch, shows how a SPST switch works. 


PRINTED (COPPER) NE-1 
CIRCUIT 


PHENOLIC OR 
FIBERGLASS BOARD 


117 VAC 


117 VAC 
PC-1 


Fig. 4-9. Relationship of a printed circuit and its schematic. 
Study this carefully. 


CELL 


LAMP 


CELL 


SPST 


SWITCH 


Fig. 4-10. A single-pole, single-throw (SPST) switch in a 
simple circuit. 


There are many more types of switches. For exam- 
ple, when both sides of a line are to be switched, then 
a double-pole, single-throw (DPST) switch is used. Fig. 
4-11 shows the circuit diagrams for various switches. 

It is sometimes desirable to switch a circuit from two 
different locations. In this case, a three-way switch is 
used. This type of switch permits a device to be turned 
on and off from two different places. For example, 
some lights can be turned on from different switches 
in the same room. 

The schematic of this hookup is shown in Fig. 4-12. 
The light is on. But is can be turned off by moving 
either switch A or B. In Fig. 4-13, the light is off. But 
it can be turned on by either switch A or B. Follow 
the circuit through the switches in each position. 


SPDT 


6 ¿ 
T 


DPDT 


S 


Fig. 4-11. Types of switches. A—Single-pole, double-throw 
(SPDT) switches from one point to another. B—Double-pole, 


single-throw switch. C—Double-pole, double-throw (DPDT) 


switches a double line to two other points. 


POWER 
SOURCE 


Fig. 4-12. A three-way switch circuit. The light is on. 
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POWER 
SOURCE 


Fig. 4-13. A three-way switch circuit. The light is off. 


Push button switches, Figs. 4-14 and 4-15, also come 
in assemblies. Fig. 4-16 shows one of these. 

Many electronic devices now use rotary switches. The 
channel selector switch on a television set is a rotary 
switch, Fig. 4-17. There are many different types of 
rotary switch circuits. The single-pole rotary switch 
symbol and a standard section circuit diagram are 
shown in Fig. 4-18. 


NO 


Fig. 4-14. Push button, NO (normally open). It is used to 
switch bells or alarms or to momentarily close a circuit. 


— | o— 


NC 


Fig. 4-15. Push button, NC (normally closed). It is used to 
momentarily open a circuit. 


oe CENTRALAB 
Fig. 4-16. Push button switch assemblies. 
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Each kind and size of wire has the ability to con- 
duct a specified amount of electric current. All con- 
ductors have some resistance. When a current over- 
comes this resistance, heat is produced. If a wire is 
operated within its bounds, this heat is sent out into 
the surrounding air. The temperature does not rise too 
high. At times, however, too much current is forced 
through a conductor. Then, the temperature rises to 
a point where the wire becomes hot and destroys itself. 
This is known as OVERLOADING. If the wire is near 
combustible material, such as that found in the wall 
of a structure, a fire might result. 

Overloading a circuit can be caused by: 

1. Excessive load which draws more than a safe 
amount of current. 
2. A direct short circuit. 

Circuits and appliances are usually protected from 
overload by a fuse or circuit breaker. A FUSE is a thin 
strip of metal which melts at a low temperature. Those 
used in the home are usually designated 15 and 20 
amperes. If a current exceeds the rating of the fuse, 
the fuse will melt and open the circuits. This prevents 
damage to equipment and the danger of fire. The sym- 
bol for a fuse, as it appears in electrical circuit 
diagrams, appears in Fig. 4-19. 


CENTRALAB 
Fig. 4-17. Front view of a typical rotary switch. 


ONE POLE, 7 POSITION 
CENTRALAB 


Fig. 4-18. Rotary switch symbol and standard section circuit 
diagram. 


SYMBOL 


ess "VU emp 


Fig. 4-19. Fuses and symbol for a fuse. 
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THERMAL CIRCUIT BREAKER 


Fig. 4-20. Symbols for circuit breakers. 


A CIRCUIT BREAKER is a magnetic or thermal 
device that automatically opens the circuit when there 
is too much current flow, Fig. 4-20. It must be manually 
reset before the circuit can be used again. Needless to 
say, the cause of the overload should be found and 
removed before the current is turned on again. 


REVIEW QUESTIONS FOR SECTION 4.1 


PEAD are complete pathways on 
which electric current flows. 

. What is a load? 

. Explain the difference between a short circuit 
and an open circuit. 

. Electrical drawings which show the correct 


wiring of component parts in a circuit are: 
. Printed circuits. 
b. Electrical buses. 
c. Schematics. 
d. None of the above. 
are electrical devices or components 
that turn circuits on and off. 


4.2 BASIC CIRCUITS 


Although it may seem that there are many types of 
circuits, there are only three basic types. They are the 
series circuit, the parallel circuit, and the combination 
(series-parallel) circuit. 

A SERIES circuit has only one pathway on which 
current can flow. Since there is only one pathway, if 
a break or open occurs, all current will stop. Fig. 4-21 
shows a series circuit. 

A PARALLEL circuit has more than one pathway 
on which current can flow. There are BRANCHES 
where electrons can divide to flow through the load. 
Remember, the maximum current ALWAYS flows 
through the path of least resistance. Therefore, the 
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ONLY ONE 
PATH FOR 
CURRENT 


R2 


S, —— 


Ra 
Fig. 4-21. A simple series circuit. 


CURRENT 
DIVIDES 
THROUGH THREE 
BRANCHES 


CURRENT 
COMBINES 
FROM THREE 
BRANCHES AND 
FLOWS BACK 
TO POSITIVE 
SIDE OF CELL 


Ri 


Fig. 4-22. A simple parallel circuit. 


lower resistance path in a parallel circuit has the most 
current. In all cases, the amount of current that leaves 
the negative lead of the voltage source will be the same 
amount as that which returns to the positive lead. Fig. 
4-22 shows a simple parallel circuit. 
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Ra 


Fig. 4-23. A combination circuit. Note that R, and Ra are in 
series with the cell and Rz and Ra are in parallel. 


A COMBINATION circuit has components con- 
nected in both series and parallel. The series section 
has all of the current flowing through it. The parallel 
section has branch circuits through which the current 
divides and flows. A combination circuit is often called 
a SERIES-PARALLEL circuit, Fig. 4-23. 

Series, parallel, and combination circuits will be 
discussed in greater detail in Chapter 5. 


REVIEW QUESTIONS FOR SECTION 4.2 


. What is a series circuit? 
2. A parallel circuit has (more than, only) one path 
for current. 
. Current will always take the path of least 


. Describe what happens to the current in a com- 
bination circuit. 


4.3 POLARITY AND METERS 


The property of a device or components in a circuit 
to have a negative or positive value is called POLARI- 
TY. The correct value is important when connecting 
cells or batteries in a circuit or when measuring voltage 
or current. Also, some components, such as electrolytic 


CURRENT FLOW 
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capacitors, have a positive and negative polarity. They 
must be correctly placed in the current. 

Fig. 4-24 shows the polarity of certain components 
as well as the polarity created by current flow. Note 
that resistors (Ri & R2) do not normally have a negative 
or positive polarity. But current flowing through them 
causes a voltage drop. This causes one end to have a 
negative charge and the other end a positive charge. 
Polarity is very important when connecting voltmeters 
or ammeters in a dc circuit. 


CONNECTING METERS IN A CIRCUIT 


VOLTMETERS are used to measure voltage in a cir- 
cuit. They are always connected in parallel, across what 
is to be measured. Correct polarity must be observed 
in order to obtain the correct reading and to prevent 
damage to the meter. If the voltage is not known, it 
is a good idea to start on the highest range of the meter 
and move down. Some of the newer meters are auto- 
ranging making this unnecessary. Fig. 4-25 shows the 
symbol for a voltmeter and the correct polarity con- 
nection in a Series circuit. Note that the black lead of 
a meter is negative polarity and the red lead is positive. 


NOTE VOLTAGE 
DROP ACROSS 
RESISTORS 
AND POLARITY 


POLARITY 
OF 

BATTERY 

POLARITY 
OF 

=> CAPACITOR 


+ 


CURRENT FLOW 
Fig. 4-24. Polarity in a circuit. 


VOLTMETERS ARE 
CONNECTED IN 
PARALLEL 


Fig. 4-25. Voltmeters are connected in parallel in a circuit. 
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AMMETERS are used to measure current. They are 
always connected in series in the circuit. The circuit 
must be broken open to measure the current flowing 
in that part of the circuit. Again, observing correct 
polarity is vital in the proper use of an ammeter. Fig. 
4-26 shows how to measure current in a parallel circuit. 


REVIEW QUESTIONS FOR SECTION 4.3 


. What is polarity? 

. Ammeters are connected in __ 
cuit; voltmeters are connected in 
a circuit. 

. In Fig. 4-26, how would a voltmeter be con- 
nected to measure the voltage across R2? How 


in a cir- 
in 


would an ammeter be connected to measure 
the current flowing through R3? Show 
polarities. 

. How would meters be connected to measure 
total current and total voltage in the circuit 
shown in Question 3? 


4.4 OHM'S LAW 


One of the basic laws of electrical circuits was derived 
from experimentation done by George Simon Ohm, 
the German scientist and philosopher, during the 19th 
century. Ohm's Law states that the current in amperes 
in a circuit is equal to the applied voltage divided by 
the resistance, or: 

I= E (in volts) 
R Gn ohms) 
Notice the letters used in this equation: 


I = intensity of current in amperes. 
E = electromotive force in volts. 
R = resistance in ohms. 


In non-mathematical language, this formula means: 

As voltage is increased, current increases. 

As voltage is decreased, current decreases. 

As resistance is increased, current decreases. 

As resistance is decreased, current increases. 

A certain device which has a resistance of 100 ohms 

is connected to a 100 V source of electricity. How much 
current will flow in the circuit? See Fig. 4-27. 


Solution: 
eae ae ney = | ampere 
R 100 Q 


If voltage is increased to 200 volts, how much cur- 
rent will flow? See Fig. 4-28. 


Solution: 
e 200 V _ > 
= 1000 ~ 2 amperes 
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MEASURE INDIVIDUAL 
BRANCH CURRENTS 
THROUGH Ra, Rz, € Ra 


Ay MEASURES 
THE TOTAL CURRENT 


Fig. 4-26. Ammeters are connected in series in a circuit. 


E = 100 V R = 1002 
METER 
| = 1 AMP 
Fig. 4-27. E = 100 V, R = 100 Q. What is 1? 
E = 200 V R = 1008 


METER 


| = 2 AMPS 


Fig. 4-28. E = 200 V, R =100 Q. What is I? 


E = 100 V R = 2002 
METER 
| = .5 AMPS 
Fig. 4-29. E = 100 V, R = 200 Q. What is 1? 


Return the voltage to 100 volts, but increase the 
resistance to 200 ohms. See Fig. 4-29. 
Solution: 
_ 100V _ 


= 200 Q .5 amperes 


Basic Circuits 


Finally, decrease the resistance to 50 ohms. See Fig. 
4-30. 


Solution: 
E 100 Y _ > 
= “00 = 2 amperes 


Compare these computations to the previous discus- 
sion, and notice that these statements have been proved 
true. By transposition of symbols in Ohm’s Law, it is 
possible to solve for any one unknown quantity, if the 
other two quantities are known. 

Ohm's Law may be written three ways: 

= A 18 eo 

Problem. A current of .5 amperes is flowing in a cir- 
cuit which has 100 ohms resistance. What is the applied 
voltage? See Fig. 4-31. 

E = IR= .5 x 100 = 50 volts 

Problem. A circuit has an applied voltage of 50 volts 
and the current is measured at .5 amperes. What is the 
resistance of the circuit shown in Fig. 4-32? 


Practicing problems is the best way to learn Ohm’s 
Law. A device to help you solve Ohm’s Law problems 
is shown in Fig. 4-33. 

When working problems involving Ohm’s Law, be 
certain that all quantities are in the simplest form: volts 
in volts, current in amperes, resistance in ohms. If one 


| = 2 AMPS 


Fig. 4-30. E =100 V, R = 50 Q. What is I? 


R = 1000 


| = .5 AMPS 


Fig. 4-31. R =100 Q, | = .5 amperes. What is the voltage? 


or more of these quantities appears with a prefix (kilo, 
mega, milli, etc.) they must be converted before solv- 
ing the equation. 

Problem. A circuit has a resistance of 10 kilohms 
and the current is measured as 100 milliamperes. What 
is the applied voltage? 

E=IxR or E =.1 amperes x 10,000 
= 1000 V 

For methods of making conversions to basic elec- 

trical units, see the Appendix. 


REVIEW QUESTIONS FOR SECTION 4.4 


. State Ohm’s Law in your own words. 


. In the formula, I = E which symbol 
represents current? 

. In a circuit, as voltage increases, 
increases. 

. What is the resistance of a circuit that has 20 
volts and 2 amperes? 

. When resistance is 100 ohms and the current is 
.5 amperes, what is the voltage? 


n= A 
E=50V 
METER 
I =.5 AMPS 
Fig. 4-32. E =50V,1| = .5 amperes. What is the resistance? 


Fig. 4-33. A memory device to use when solving Ohm's Law 


problems. Cover the unknown quantity with a finger. The re- 
maining letters give the correct equation. For example, E is 
unknown. Cover E and | R remains. Thus, E = | x R. 
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4.5 POWER AND WATT'S LAW 


The only component in any circuit that uses electrical 
power is resistance. POWER is the time rate of doing 
work. In the physics of machines, it was discovered 
that when a force moved through a distance, work was 
done. For example, if a 10 pound weight is lifted one 
foot, the work done equals, 
F (force) x D (distance) or 
10 x 1 = 10 foot-pounds (ft.-Ib.) 
of work. 

See Fig. 4-34. 

No reference is made to time in this equation. One 
might take five seconds or 10 minutes to lift the 10 
pound weight. However, if one lifted the 10 pound 
weight once each second, then the power expended 
would be 10 ft.-lb. per second. To carry the example 
one step further, if one lifted the 10 pound weight in 
one-half, or .5 second, then the power expended would 
equal: 

10 
5 

A machine that works at a rate of 550 ft.-lb./second 
is equivalent to ONE HORSEPOWER. Also, 33,000 
ft.-lb./min. equals one horsepower. 

In electricity, the unit of power is the WATT. It was 
named in honor of James Watt, who is credited with 
the invention of the steam engine. The symbol for a 
watt is P. 

When one volt of electrical pressure moves one 
coulomb of electricity in one second, the work 
accomplished is equal to one watt of power. Recall the 
definition of one ampere: the movement of one 
coulomb of electrons past a given point in a circuit is 
one second. So, power in an electrical circuit is equal to: 

P (watt) = E (volts) x I (amperes) 

Use these figures for comparison of electrical power 
to mechanical power: 

746 watts = 1 horsepower 


or 20 ft.-lb. per second. 


FxD = 10 FT. LBS. OF WORK 


Fig. 4-34. Whena 10 pound weight is lifted one foot, 10 foot- 
pounds of work is done. 
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Fig. 4-35. A memory device to help solve power problems. 

Cover the unknown quantity and the remaining letters give the 

correct equation. For example, E is unknown. Cover E and P/I 
remains. Thus, E =P = |. 


The power formula, sometimes called Watt’s Law, 
can be arranged algebraically. If two quantities are 
known, the third unknown may be found. Use the 
device in Fig. 4-35. 


Example. A circuit with an unknown load has an 
applied voltage of 100 volts. The measured current is 
2 amperes. How much power is consumed? 

P = I x E or 2 amps x 100 volts 
= 200 watts 

Example. An electric toaster rated at 550 watts is 
connected to a 117 volt source. How much current will 
this appliance use? 

a R e 550 W 
E 117 V 

LESSON IN SAFETY: An electric current produces 
heat when it passes through a resistance. Heaters and 
resistors will remain hot for some time after the power 
is removed. Handle them carefully. Burns should be 
treated immediately. See your instructor. 


=4.7 amps 


REVIEW QUESTIONS FOR SECTION 4.5 


. Define power. 
2. State Watt’s Law. Use it in a formula with a 
given voltage and current. 
. The unit for power is the A 
. Compute the voltage and the power for the 
following figure. 
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4.6 OHM'S LAW AND WATT'S LAW 


It is possible to combine Ohm’s Law and Watt’s Law 
to produce simple formulas which will permit you to 
solve any unknown, if two quantities are known. In 
Fig. 4-36, these equations are given, with an explana- 
tion of each. 


Ohm’s Law 


Watt’s Law 


These formulas are arranged in a wheel-shaped 
memory device for ready reference. Refer to Fig. 4-37. 
To use the device, find the equation that uses the two 
known quantities in your circuit. For example, if cur- 
rent and resistance are known and power is unknown, 
use Equation 11. If power and voltage are known and 
current is unknown, use Equation 5. 


By transposing equation 12 and taking the square root. 


Ohm’s Law 


Watt’s Law 


By transposing equation 9 and taking the square root. 


Ohm’s Law 


By transposing equation 12. 


By transposing equation 11. 


P Watt's Law 


. P By substituting I x R from equation 1, for E. 


By substituting E from equation 4, for I. 


Fig. 4-36. This table states a variety of basic formulas that are needed to solve problems. 


Fig. 4-37. A memory device combining Ohm's Law and Power 
Laws. It can be a great help when solving problems. 
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4. Which device is used to measure voltage in a circuit? 
a. Ammeter. 
1. Give the correct missing symbol in the formulas b. Voltmeter. 
below: c. Circuit breaker. 
I Ege pee ie REE d. None of the above. 
? ON? R ? 5. State Ohm’s Law using three different equations. 
2. Solve for the unknown values below. 6. A machine that works at 550 ft.-lb./second is 
equivalent to one : 
7. Which of the following is Watt’s Law? 


REVIEW QUESTIONS FOR SECTION 4.6 


a. Pe] IE 
P 
b. 1 = $ 
— P 
c. E= 7. 


d. All of the above. 
8. Use Figs. 4-36 and 4-37 to solve the following 


problems. 
a. E = 100 V, I = 2 amps, 


R = 
TOTAL POWER b. E = 50 V, R = 1000 ohms, 
= 50 W l= 
c. I = 5 amps, R = 50 ohms, 
= 
SUMMARY d. E = 10 V, I = 200! amps, 
R = — E 

1. Circuits are complete pathways for current. All cir- e. I = .05 amps, R = 1000 ohms, 
cuits have a voltage source, some type of a load, E= 
a conductive pathway, and some type of control. f. P = 10 W, I = 2 amps, 

2. There are three basic types of circuits. They are the g = 
series, the parallel, and the combination circuits. g. E = 100 V, I = .5 amps, 

3. The property of a circuit or component to have a | = 
negative and positive value is called polarity. h. P = 500 Ww a = 250 YV, 

4. Ohm’s Law is a mathematical formula stating the [| = E 
relationship between voltage, current, and resistance i. I = .01 amps, R = 100 ohms, 
in a circuit. Itis E = I x R. E= 

5. Electrical power is the rate of doing electrical work. j- P = 100 W, I = 2 amps, 

6. Watts Law is a mathematical formula stating the R = 
relationship of the power, voltage, and current in k. E = 10 V, P = 10 W, 

a circuit. It is P = I x E. R = 

7. There are definite relationships between Ohm’s Law l. E = 500 V, I = 2 amps, 

and Watt’s Law, as shown in Figs. 4-36 and 4-37. pea 
m. E = 100 V, R = 1000 ohms, 

TEST YOUR KNOWLEDGE, Chapter 4 p 
n. I = .5 amps, R = 50 ohms, 

Please do not write in the text. Place your answers P = 

on a separate sheet of paper. o. I = 4 amps, R = 10 ohms, 

1. Four factors are necessary in order for a circuit to = 
operate. Name them. p. I = 10 mA, E = 50 V, 

2. Name two devices that protect against circuit p = 
overload. q. I = 20 mA, E = 100 V, 

3. A circuit has only one pathway on which R= 
current can flow. A circuit has more than r. P = 10 W,I = 1 amp, 
one pathway on which current can flow. Re 
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+ 


E = 1000 V, R = 1000 ohms, 


= 100 mA, R = 100 ohms, 


= 100 mA, R 


= 500 W, E = 100 V, 


100 ohms, 


= 100 V, R = 100 ohms, 


= $0 V, R = 10 kilohms, 


= 10 W, R = 10 ohms, 


= 50 W, R = 2 ohms, 


alias) seo) EA pallies: 7c) AS 
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FOR DISCUSSION 


. Discuss why different circuits are important in elec- 


trical devices. For example, why not have only a 
simple series circuit in an electrical device? 


. Explain the difference between a partial short and 


a complete short. 


. What is meant by polarity? Why is it so important 


in electricity and electronics? 


. State Ohm’s Law and Watt’s Law in your own 


words. What is the relationship that exists between 
these two laws? 


. Based on what you have learned in this chapter 


about series and parallel circuits, how would you 
design a security system for your room which would 
let you open a window for fresh air? 


TEKTRONIX 


Basic laws of electricity come into play when performing complex tasks. 
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400 2 


500 2 


Only one path is provided for electric 
current. 


Ra = 302 


R¡= 102 l= .6 AMPS 


More than one path has been provided 
PANASONIC for current. 
Even this small cellular phone will include all of the three basic types of circuits 
described in Chapter 5. 


This is a more complicated type circuit. 


All circuits can be included in the three basic types: series, parallel and combination (includes both series and parallel). Can 
you identify them? 
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After studying this chapter, you will be able to: 

w Use Ohm's Law to compute the total resistance, 
total voltage, and total current of series, parallel, 
and combination circuits. 

El Determine voltage drops for series and parallel 
circuits. 

EE Explain Kirchhoffs Voltage Law as it applies to a 
series circuit. 

m Use Ohm’s Law to compute the power in series, 
parallel, and combination circuits. 

E Explain Kirchhoff's Current Law as it applies to a 
parallel circuit. 


As was mentioned in Chapter 4, there are three basic 
types of electrical circuits. They are the series circuit, 
the parallel circuit, and the combination circuit (series- 
parallel). In this chapter, these circuits will be explored 
in more detail. Also, Kirchhoff's Laws will be 
presented. 


5.1 SERIES CIRCUITS 


When components in a circuit are arranged so the cur- 
rent will pass througb all the components, this is a 
SERIES CIRCUIT. The components are connected 
in-line or end-to-end in a series string, Fig. 5-1. 


Fig. 5-1. Ina typical series circuit, components are connected 
in one pathway, or end-to-end. 
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SERIES, PARALLEL, AND 
COMBINATION CIRCUITS 


The total amount of current which leaves the 
negative pole of the battery will flow through Ri, Ro, 
and R; equally. Refer to the formula shown in Fig. 
5-2. The total current leaving the battery is Iy. Cur- 
rent flow through individual resistor is expressed by 
Ip > Ip,» and Ig, 

When resistors are connected in series, the total 
resistance of the circuit is equal to the sum of individual 
values of all resistors, Fig. 5-3. l 


FORMULA FOR CURRENT 
IN SERIES CIRCUIT: 


IT = ÎR, = ÎR; = ÎR- 


Fig. 5-2. Current flows equally through all resistors in a series 
circuit. 


FORMULA FOR RESISTANCE 
IN SERIES: 
RT = R; + Ro + Ra... 


40 2 


RT =609 + 408 + 202 
Rp = 1209 
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Fig. 5-3. Total resistance in a series circuit is the sum of the 
individual values of each resistor. 
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The total voltage in a series circuit is equal to the 
individual voltage drops across the separate loads. This 
is shown mathematically in Fig. 5-4. The total voltage 
is expressed as Ey. Individual voltage drops across the 
resistors are represented by Ep, Ep,, and Eg,- 

Refer back to Fig. 5-4. Ep, = 6 volts, Er, = 12 
volts, Er, = 18 volts. R, has the least amount of 
voltage drop. One can assume it is the smallest resistor. 
The voltage drop in R, is twice as large as in Ri. The 
resistance value of R2, then, must be twice as large as 
R,. R; is three times the resistance of R;, since the 
voltage drop in R; is three times as large as R,. R; is 
one and one-half times as large as R2, since the voltage 
drop in R; is 18 volts and in Ra is 12 volts. 


OHM'S LAW IN SERIES CIRCUITS 


Ohm’s Law mathematically describes the relation- 
ship between current, voltage, and resistance. Series 
circuits have all of these factors. Therefore, Ohm’s Law 
applies to series circuits. Refer to Fig. 5-5. 

If resistors are connected in series, the total resistance 
of the circuit is the sum of the resistors. In Fig. 5-5, Ry 
= 1009, R: = 4000, and R; = 500 9. Then RT = Ri 
+ R2 + R; or 100 + 400 + 500 = 1000 Q. 

If 100 volts were applied to the terminals of this cir- 
cuit, the current flowing in the circuit would equal, 


Recall that these resistors are connected in series. All 
the current flowing in the circuit must pass through 
each resistor. Therefore, current is the same in all parts 
of the circuit, Fig. 5-6. 

As current passes through a resistor, a certain 
amount of energy is used and a certain amount of 
pressure, or voltage, is lost. The voltage loss across each 
resistor may be calculated by Ohm’s Law, in the form, 
EET R. 


For Ri, Er, = .1 x 100 = 10 V 
For R2, Er, = .1 x 400 = 40 V 
For R3, Er, = .1 x 500 = 50 V 


Again, the symbol Er, means the voltage across 
resistor R,. Note that the sum of the voltage losses or 
VOLTAGE DROPS is equal to the source voltage. In 
this example, 


ER, + ER, + ER, Esource 
or 10 V + 40 V + 50V = 100 V 


Because the voltage drop or loss across a resistor is 
computed by using the E = I x R form of Ohm’s Law, 
this loss is often called the IR DROP. This means the 
same as VOLTAGE DROP. 
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FORMULA FOR VOLTAGE IN SERIES: 
Ey SER ae ER, + ER, - ae 


Er, ~18V 


Er, =6 V 


Ey =6V+12V+18V 
= 36 V 


Fig. 5-4. Total voltage in a series circuit is the sum of individual 
voltage drops across separate loads. 


100 Q OHMS LAW: 
E 
R 
ae 

E = |] &< 18 


— Ep =100V 


500 2 


Fig. 5-5. Ohm's Law in a series circuit. 


R, - 5000 


Fig. 5-6. The current measured at any point in the series circuit 
is the same, 
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KIRCHHOFF'S VOLTAGE LAW 


In the mid-nineteenth century, German scientist 
Gustav R. Kirchhoff devised two basic laws of elec- 
tricity relating to voltage and current. Kirchhoff's 
Voltage Law applies to series circuits. It states that the 
sum of voltage drops and voltage rises around any 
closed series loop (or circuit) is zero. In simpler terms, 
all of the voltage drops (Ep, Ep,, and Ep,, etc.) in 
a series circuit must add up to the total applied voltage 
(Er). See Fig. 5-7. 


POWER IN A SERIES CIRCUIT 


As the voltage overcomes the resistance, work is 
done. Power is the time rate of doing work. You will 
recall that in electricity, P = I x E. The energy lost 
in Overcoming resistance takes the form of heat. This 
must be dissipated by the resistor into the surrounding 
air. This explains why some resistors are larger than 
others. They must be large enough to provide radia- 
tion surface for heat dissipation. The total power used 
in this circuit, as shown in Fig. 5-8, would equal: 


P=I1x Eor.! x 100 V = 10 W 


To calculate the power consumed by individual 
resistors, the formula P = PR may be used. 


For Ri, P = (1? x 100 = 1W 
For Ra, P = (.1)? x 400 = 4W 
For Ry, P = (1)? x 500 = 5 W 
For Ry, P = ¢.1)? x 1000 = 10 W 


Notice that the sum of the individual powers used 
by each resistor is equal to the total power used by the 
circuit. 


Er, = 30 V 


Ey =75 V 


Er, =10 V 


Ey ER ar ER, +Ep, 
75V = 10V + 35V+ 30V 


Fig. 5-7. An example of Kirchhoff’s Voltage Law. 
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R, = 1002 


R: = 4000 
Es = 100 V 
PR, = 4W 


Rs = 5002 


PR, = 9 W 
PT = 10W 


Fig. 5-8. The power used by each resistor may be computed 
by the formula, P = | x E. 


REVIEW QUESTIONS FOR SECTION 5.1 


. How does Kirchhoffs Voltage Law relate to 
series circuits? 
. In the circuit shown below, find the following: 


Ey = 40 V 


3. In the circuit shown below, find the following: 
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5.2 PARALLEL CIRCUITS 


When several components are connected to the same 
voltage source, the components are connected in 
parallel or side-by-side. Multiple paths for current flow 
are provided by a parallel circuit. Each resistor is a path 
of its own. In Fig. 5-9, three separate paths are 
provided by Ri, R2, and R3. When components are 
connected in this manner, the total resistance of the 
circuit is DECREASED every time another component 
is added. 

Compare a parallel circuit to a system of pipes 
carrying water. Two pipes will carry more water than 
one pipe. If a third pipe is added, the three pipes will 
carry.more water than two pipes. As more pipes are 
added, the total resistance to the flow of water is 
DECREASED. Refer to Fig. 5-10. 


Ra 


Fig. 5-9. Schematic diagrams of three resistors in parallel. 


’ a E. 10GALS/MIN 
Wer 
PIPE 2 
RESERVOIR der 10 GALS/MIN 
30 GALS/MIN 


ae eee S 


Fig. 5-10. Electricity may be compared to the flow of water. 
Increasing the number of pipes will decrease the resistance to 
water flow. 
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In Fig. 5-11, resistor Rı = R =R;. Each resistor 
will carry the same amount of current. The three 
resistors together will carry three times more current 
than only one. Therefore, the total resistance of the 
circuit must be one-third of the resistance of a single 
resistance. With values of 30 Q at Ri, R2, and Ra, then: 

Ry = 28 - 109. 

When EQUAL resistors are connected in parallel, 
the total resistance of the parallel group or network 
is equal to any one resistor divided by the number of 
resistors in the network. 


Total resistance = Ry = 

R 

N 

In a parallel circuit, the applied voltage is the same 
for each resistor. This is because each is connected 


across the same voltage source. Therefore, the currents 
are, using Ohm’s Law: 


_ value of one resistor 


number of resistors in network 


MO 
For Rj, I 7300 .2 amps 
6 V 
For R2, I = 300 = .2 amps 
SrO Y pE 
For Ra, I = 309 = .2 amps 


The total current flowing through the network would 
be the sum of the individual branch currents: 


Gi = IR, + IR, =F IR, 
= 2 P A ee eas 


This may be proved by applying Ohm’s Law, using the 
total resistance, 


Ry =100 


l7=.6 AMPS 


Fig. 5-11. Total current equals the sum of branch currents. 
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Again, there are these laws concerning parallel 
circuits. 
1. The voltage across all branches of a parallel net- 
work is the same. 
2. The total current is equal to the sum of the indi- 
vidual branch currents. 
The differences between these laws and those which 
apply to series circuits should be compared. 
It is not unusual to find two unequal resistors con- 
nected in parallel. In this case, the total resistance may 
be found by using the formula, 


Ry = Ri Ro 

R; + R: 
In Fig. 5-12, resistance Ry = 20 Q and R: = 30 Q. 
Apply the formula. 


20 x 30 600 


ms 60! a ee 


Ry = 
With an applied voltage of Eg = 6 V, the total cur- 
rent in the circuit will be, 


This equation may be proved by finding the sum of 


individual branch current, 
6 V 


For R, l = 200 7 .3 amps 
6 V 
a I = 300 = .2 amps 


L+k = .3+ .2 = .5ampsor [7 


Two observations should be carefully studied. 

1. The TOTAL resistance of any parallel circuit must 
always be LESS than the value of any branch 
resistance. Note in Fig. 5-12, RT = 13Q which is 
less than Rı which is 209 and Rz which is 300. 

2. The branch of the circuit containing the greatest 
resistance conducts the least current. 


R, =300 


R,=120  I,=.5 AMPS 


Fig. 5-12. Schematic of two unequal resistors in parallel. 


Referring to Fig. 5-13, three unequal resistors are 
connected in parallel. Ri = 5 Q, R: = 10Q, and R; 
= 30 Q. To find the total resistance, find the sum of 
the individual branch currents. Assuming a voltage of 
30 volts then: 


For Branch Ri, h = 5 = = = 6 amps 
Ry 5 
E 30 

For Branch R2, I, = a, fe > amps 
E 30 

For Branch Ra, I; = R; 30 7 l amp 


IpHaht+h+kh = 
By Ohm's Law: 


As Ir is the sum of all the currents, and is equal to 
E 
Re (Ohm's Law) then, 
RT E R; R2 R; 
Divide both sides of the equation by E, then 


15, ad z K E Ag oe 
Ry Ri R? R; 
Therefore, to solve for the total resistance of a cir- 
cuit in Fig. 5-13 use this formula: 


A O 
Rr 5 10 30 30 
Inverting both sides of the equation, 


_ 30 
LO 

This formula is used in the computation of the total 
resistance of parallel circuits. You should practice using 
it by completing the problems at the end of this sec- 
tion and chapter. 


Rr = 39 


Rr =30 |, - 10 AMPS 


Fig. 5-13. Three unequal resistors connected in parallel. 
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KIRCHHOFF’S CURRENT LAW 


Kirchhoff’s Current Law states, the algebraic sum 
of the currents entering and leaving any point in a 
(parallel) circuit must equal zero. In a simpler form, 
the amount of current entering a parallel circuit must 
be the same as the current leaving that circuit. To see 
how this works, refer to Fig. 5-14. 

Kirchhoff’s Current Law provides the basis for the 
operation of a parallel circuit. It states that the total 
line current equals the sum of the individual branch 
currents. 


REVIEW QUESTIONS FOR SECTION 5.2 


1. Explain Kirchhoff’s Current Law. 
2. Solve for the unknown values in the parallel 
circuit shown. 


3. Solve for the unknown quantities in the circuit 
shown. 


4. Ina parallel circuit containing a 4 ohm, a5 ohm, 
and a 6 ohm resistor, the current flow is: 
. Highest through the 4 ohm resistor. 
. Lowest through the 4 ohm resistor. 
. Highest through the 6 ohm resistor. 
. Equal through all three resistors. 
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3A 


OUTPUT 


INPUT 
CURRENT 7? A 


4A 


Fig. 5-14. Kirchhoff’s Current Law. 


5.3 COMBINATION CIRCUITS 
(SERIES-PARALLEL) 


The technician and engineer are often required to 
compute the total resistance of combination (series- 
parallel) circuits. This total resistance is referred to as 
the EQUIVALENT RESISTANCE of the circuit. It 
can be solved in logical order by using the series and 
parallel resistance formulas of the previous discussion. 
Referring to Fig. 5-15, R; = 7 Q, R2 = 5 Q, R; = 10 Q, 
Ra 20 2, Rs 10 Q. The applied voltage, Es, 
equals 30 volts. 


Step 1. Combine Ra and Rs, Fig. 5-16. They are in 
series, so R4 + Rs = 20 + 10 = 300. 


Ra = 


202 


Rs = 
102 


Re + 5 = 
30 Q 


Fig. 5-16. Two series resistors in one branch of the parallel 
network have been combined. 
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Step 2. Find the total resistance of the parallel circuit, 
Fig. 5-17. 


th Lag Ye A 
Ri R2 R, " Russ i 
> 10” 3 30, 
30 Eas = BOW 
= =e para O 
Ry 10 3 ae 


Step 3. This equivalent resistance of 3 ohms is in series 
with Ri of 7 ohms, Fig. 5-18. So the Ry of the circuit 
equals 3 ohms + 7 ohms or 10 ohms. 


The current flowing in the total circuit is, 
Ri 10 
The voltage drop across R; is, 


Er, =IRor3 x7 =21V 


If 21 volts is lost by Ry, then the remaining part of 
the applied voltage appears across the network of Fig. 5-19. The complete analysis of the combination circuit, 
parallel resistors. The remaining voltage equals 9 V. showing voltages and currents. 

The current through the three branches must equal 
the total current of 3 amps in the circuit, Fig. 5-19. 


E 97V ES. ees = ae 
Ir, = MO 1.8 amps es Ra 309 3 amps 
i B 9 V P lp = IR, ap IR, ap Mo 
Rp. ~ = .9 amps 
Rs 108 = 18 + 9 + 3 = 3 amps 
O Knowing the current and voltage of this circuit, the 
- power consumed would be: 
Pp = 1 x TTE amp <x 30" = FW 
Ramee = 30 The sum of the powers dissipated by the individual 
resistors should equal 90 watts. Using the formula 
P= PR tien: 
q ER = E a = 63 00 
Fig. 5-17. The parallel network is combined to the single i 
equivalent resistence. Pr, = (1.8)? x 16.2 W 
Pe, = (9)? xe — 8.1 WwW 
Pe, = (3% *« 20 = "BW 
Pp. = Sy z l0 A 
Pr = 90W 


The solution of series and parallel circuits invołv- 
ing the use of Ohm’s and Watt’s Laws requires prac- 
tice. Practice is the only way to assure understanding. 
Quick recognition of known and unknown quantities 

‘and a logical approach to the solution will assure proper 
Fig. 5-12. Total resistance of the combination circuit is results. Always prove your answer by using other forms 
équivzlent to a single resistence. of Ohm’s Law. 
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REVIEW QUESTIONS FOR SECTION 5.3 


1. What is another name for a combination circuit? 
2. Find the unknown values for the circuit shown. 


pel 
= 
l 


m ni 
PER 
Hou 


m m 

pa) 

II 
IN 


oll 


le, = 


3. What is the voltage drop across the Rx (3 ohm) 
resistor? 
a. 2.4 volts. 
b. 24 volts. 
c. 9.6 volts. 
d. 0.96 volts. 
1 


Q 20 


4. What is the value of Iy in the circuit shown? 
a. Ip = 1.14 amp. 
b. Ir = 0.4 amp. 
c. Ir = 0.667 amp. 
d. Ir = 1 amp. 
20 12 
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SUMMARY 


A series circuit is one where there is only path for 

current flow. 

In a series circuit, the following facts are known: 

a. Current is equal throughout 
(Ir = Ip, = IR, = IR) 

b. Resistances add up to the total resistance 
(RT = R; + R: =F R3). 

c. The total voltage is equal to the individual 
voltage drops across the resistors (Ey = Ep, 
+ Er, SF Ep): 


. Ohm's Law is: 


E Es 
[=$ or E IS kok | 


. Kirchhoff's Voltage Law states that all of the 


voltage drops (Er ,, Er,» Er,, etc.) in a series cir- 
cuit must add up to the total or applied voltage. 


. Power is the time rate for doing work. 
. The power formulas are: 


Ñ E2 
P=Ix EorP = PRorP =p 


. Parallel circuits have more than one pathway for 


current to flow. 


. The formulas for voltage, current, and resistance 


in a parallel circuit are: 


. ET Er, Er, = ER, etc. 
b If = IR, ar Ir, SF IR; etc. 
E il, = ale l F ale etc 
Ra RRA 
> R; x R: 
or RT = R, 4 R: 


. Kirchhoff’s Current Law states that the amount 


of current entering a junction or parallel circuit 
must be the same as the current leaving that circuit. 


. Combination circuits are made of certain com- 


ponents connected in series and others connected 
in parallel. 


TEST YOUR KNOWLEDGE, Chapter 5 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 


l. 


When resistors are connected in , the total 
resistance of the circuit is equal to the sum of the 
individual values of all the resistors. 


. Voltage loss across a resistor is also known as 


voltage A 


. Ina parallel circuit, the total resistance of the cir- 


cuit is 
added. 


with each component that is 
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4. When equal resistors are connected in parallel, 11. Using the circuit shown, solve for the following 
kp Sp ie Se eee values. 
5. When unequal resistors are connected in parallel, Ry 
6. In combination circuits, total resistance is ere ER 
toasthe_______ resistance. Ep = 
7. In a series circuit, Pp = " Er, = 
8. In a parallel circuit, Pp = IR, = 
9. Using the circuit shown, solve for the allen I = 
R2 
values. I = 
= > 
T = ——— Pr = 
EN = 
ERa o o 12. Using the circuit shown, solve for the following 
Er, = values. 
Ei = CE A ET == 
R2 R, ER =Z 209 209 
82 162 En 3 
3 
Er, = 
q Hy=2A Ra 5 
i a Ir, = 50 80 9 
R2 B, IR, = | 
10. Using the circuit shown, solve for the following Ries = e 
values. Pres 
Ry = 
Er == o. FOR DISCUSSION 
Sy A eee . 
Ik = , 1. What are the implications of Kirchhoff’s two laws 
ig = for electrical circuits? 
le = 2. Why does the resistance of a conductor decrease as 
3 


Pr = l its surface area increases? 

3. You have a 6 volt car radio that uses 1.5 amps. You 
want to install it in a 12 volt car. Draw the circuit 
for and give the values of the components to do this. 

4. Draw the circuit for working one light from two 
locations. 
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Part | Summary 


FUNDAMENTALS OF ELECTRICITY AND 
ELECTRONICS TECHNOLOGY 


IMPORTANT POINTS 


10. 


ll. 


. A coulomb is 6.24 x 
. Voltage is the force or push that moves electrons 


. Matter is anything that has size, weight, and mass. 


Elements are basic or pure forms of matter. Com- 
pounds are mixtures of elements. 


. Atoms are the smallest form of an element still 


having the characteristics of that element. 
Molecules are the smallest form of a compound 
still having the characteristics of that compound. 


. Electrons have a negative (—) charge and protons 


have a positive (+) charge. 


. Static electricity is electricity that is at rest or not 


moving. 


. Like charges repel each other while unlike charges 


attract each other. 
1018 electrons. 


along in a conductor. It is measured in volts. 


. Current is the movement of electrons in a conduc- 


tor. It is measured in amperes. 


. One ampere is the rate measure of one coulomb 


of electrons (6.24 x 10'8) moving past a given 
point in a conductor in one second. 
Prefixes are used to change the value of a basic 
unit. The following prefixes are used for current, 
voltage, and resistance: 
Mega (M) = 1,000,000 times larger 
Kilo (K) = 1,000 times larger 

ae 1 ‘ 
Milli (m) = 1,000 times smaller 
Micro (x) = 1 


1,000,000 times as small 


The Electron Theory of Current Flow states that 


18. 


19. 


20. 
21. 


Ze. 


23. 


24. 


25 


26. 


current in the external circuit always flows from 
negative to positive. 


. A conductor has free electrons and low resistance. 


It permits current to flow easily. The unit for con- 
ductance is the siemen. 


. Insulators do not have any free electrons and have 


a high resistance to current. 


. Resistance is the opposition to current. The unit 


for resistance is the ohm (Q). 


. Ohm’s Law states the relationship between current, 


voltage, and resistance in a formula. 


. Semiconductors lie between conductors and 


insulators in their resistance to current. 


. Primary cells cannot be recharged. Secondary cells 


can be recharged. 

Connecting cells in parallel increases their current 
rating. Connecting them in series increases their 
voltage rating. 

Electrical energy can be created from light, by a 
solar cell or photovoltaic cell. 

A thermocouple converts heat to electrical energy. 
The effect of converting pressure to electrical 
energy is called piezoelectricity. 

A circuit is a complete pathway on which current 
flows. It usually consists of a voltage source, a 
pathway, a load, and a control. 

A series circuit has only one pathway on which cur- 
rent can flow. 

A parallel circuit has more than one pathway on 
which current can flow. 

A combination circuit has certain components con- 
nected in series and others connected in parallel. 
Power is the time rate of doing electrical work. It 
is measured in watts. 


SUMMARY QUESTIONS 6. What is the value of R; in the circuit below? 


a. 8 ohms. 
1. Solve for the unknown quantities in the circuit b. 10 ohms. 
shown. c. 20 ohms. 
¡Sa in -d. 100 ohms. 
Pr = 


2. Convert the following units. 


a. 6l0 uA = mA. 
b. 42,000 V = VW. 
ce OTM Oo= _— Q. > 
d. 29kV A, de Seen 
Calera = MA Rr = 
3. The value for a resistor which has yellow, violet, 1 SS o eee 
brown, and silver color bands is —______, Ip E E 
Yo. ; 
4. Solve for the unknown quantities in the circuit i F 
shown. Ud 
Rp e 62 22 e z 7 
7 2 eee e oo 
ER, = —— Er, = 
ER, ic ER, a ee e 
Er, m Pre ee 
o e —— 800 Q 


Ra 
|i 


80 64 V 


5. According to Kirchhoff’s Law of Voltages, the 
algebraic sum of all the voltages in a series circuit 
is equal to: © 
a. Zero. 

b. The source voltage. 
c. The total voltage drop. 
d. The sum of the IR drop of the circuit. 
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Part I = 
APPLIED ELECTRICITY 


6 Magnetism 
7 Generators 
8 Instruments and Measurements 


_ of mechanical energy to electrical energy. y magnet 
_ generators and alternators. Over 98 percent of all ele 
tricity generated comes from this i 
types of electricity, according to the 
flow, are direct current (dc) ani lalte 
Chapter 6, Magnetism discusse 
magnetic and electromagnetic princi 
of magnetic devices such as relays 


passes, and recording tapes are expla 


y 


Each student of electricity an 
familiar with test instruments. | 
instruments in the me ; 
resistance; wattage, Or a 


an orientation to instru 
the simple voltmeter to 


“yy, y 
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A 
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MONITOR, COMPUTER TER d P 


Floppy disks for computers have magnetic properties. 


A demonstration designed to show how an elec- 
tromagnet can open and close an electrical switch. 


A demonstration of electricity being used to create a 
magnet. 


Magnetism is closely linked to electricity. It is important to generation of electricity, communication, and to certain 
types of controls. Electricity can be used to create magnetism. Magnetism can be used to store information and 
to change electrical voltage, among other things. 
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After studying this chapter, you will be able to: 

™ Discuss basic magnetic principles. 

E State the three Laws of Magnetism mentioned in 
this chapter. 

™ Describe the link between electric current and 
magnetism. 

EE Explain Roland’s Law. 

E Discuss various types of relays and the manner in 
which they work. 

EE Describe the use of magnetic shields. 


6.1 BASIC MAGNETIC PRINCIPLES 


For centuries, magnetism has been of interest to 
scientists. Shepherds, tending their flocks in ancient 
days, were mystified by small pieces of stone, which 
attracted the iron tip on the shepherd’s staff. The 
ancient Chinese navigators discovered that a small piece 
of this odd stone attached to a string would always turn 
in a northerly direction. These small stones were iron 
ore. They were called magnetite by the Greeks, because 
they were found near Magnesia in Asia Minor. Since 
mariners used these stones in the navigation of their 
ships, the stones becaine known as “leading stones” or 
LODESTONES. These were the first forms of natural 
magnets. Today, a MAGNET may be defined as a 
material or substance which has the power to attract 
iron, steel, and other magnetic materials. 

Through laboratory experiements, it was discovered 
that the greatest attractive force appeared at the ends 
of a magnet. These concentrations of magnetic force 
are called MAGNETIC POLES. Each magnet has a 
NORTH POLE and a SOUTH POLE. It was also 
discovered that many invisible lines of magnetic force 
existed between poles. Each line was an independent 
line. It did not cross or touch its bordering line. 
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Chapter 6 
MAGNETISM 


Fig. 6-1 shows the magnetic lines of force. This field 
picture was created by placing a bar magnet beneath 
a sheet of paper, and sprinkling it with fine iron filings. 
Note the pattern of lines existing between the poles. 
Note the concentration of lines at each end of the 
magnet or its poles. Each line of force from the north 
pole goes to the south pole through space and returns 
to the north pole through the magnet. These closed 
loops of the magnetic field may be described as 
MAGNETIC CIRCUITS. You may compare the 
magnetic circuit to the electrical circuit, where the 
magnetizing force may be compared to voltage, and 
the magnetic lines may be compared to current. 

Further scientific investigation has proved that the 
earth acts as one enormous magnet, with its poles close 
to the north and south geographical poles. Referring 


Fig. 6-1. The electrodemonstrator is used to show the 
magnetic fields of two permanent magnets. 
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to Fig. 6-2, you will observe that magnetic north and 
the north geographic pole do not coincide. A compass 
would not necessarily point toward true north. This 
angle between true and magnetic north is called the 
ANGLE OF DECLINATION OR VARIATION. 

There is, however, an imaginary line around the 
earth where the angle of declination is zero. When 
standing on this line your compass would point to true 
north as well as magnetic north. At all other locations 
on the surface of the earth, the compass reading must 
be corrected to find true north. 


LAWS OF MAGNETISM 


The power of a magnet to attract iron has already 
been discussed. In Fig. 6-3, two bar magnets have been 
hung in wire saddles and are free to turn. Notice that 
when the north (N) pole of one magnet is close to the 
south (S) pole of the other, an attractive force brings 
the two magnets together. If the magnets are turned 
so that two N poles or two S poles are close to each 
other, there will be a repulsive force between the two 
magnets. This proves two of the Laws of Magnetism: 


UNLIKE POLES ATTRACT EACH OTHER. 
LIKE POLES REPEL EACH OTHER. 


Place the magnets under a sheet of paper. Using the 
iron filings to detect the invisible fields, observe that 


NORTH GEOGRAPHIC 
MAGNETIC NORTH HAS 
SOUTH MAGNETIC 


! 
t 

l THE EARTH 
' IS A MAGNET 


MAGNETIC SOUTH HA 
NORTH MAGNETIC POLARITY 


SOUTH GEOGRAPHIC 
POLE 


Fig. 6-2. The earth is a large magnet, surrounded by a 
magnetic field. 


in the attractive position (N and S together) the invisi- 
ble field is very strong between the two poles, Fig. 6-4. 
However, when the magnets are placed with like poles 
together, the repulsive force is shown by an absence 
of lines between the poles. 

CAUTION: Certain precautions should be observed 
during handling and storage of permanent magnets. 
Since magnetism is a result of molecular alignment, any 
rough handling, such as dropping or pounding, may 
upset the molecular alignment and weaken the magnet. 


Fig. 6-3. These permanent magnets demonstrate the Laws of 
Magnetism. 
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Fig. 6-4. These sketches show the magnetic fields of 
attracting and repelling magnets. 
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What causes a substance to become magnetized? One 
theory states that molecules in an iron bar act as tiny 
magnets. They are arranged in-line, so their North and 
South poles are joined. When the iron is demagnetized, 
the molecules are in random positions, Fig. 6-5. This 
fact can be proved by breaking a piece of magnetized 
iron into several pieces. Each piece is a separate magnet. 
Fig. 6-6 shows a broken magnet. 

The conclusion is further supported by the way a 
magnet is made. For example, take an unmagnetized 
bar. Rub it a few times in the same direction with a 
permanent magnet. A test will show that the bar is now 
magnetized. Rubbing with the magnet lined up the 
molecules and caused the iron to become magnetized. 

Magnets are made by placing the material to be 
magnetized in a very strong magnetic field. 

CAUTION: Magnets should be stored in pairs with 
north and south poles together to insure long life. A 
single horseshoe magnet may be preserved by placing a 
small piece of soft iron, called “keeper,” across its poles. 

Permanent magnets are made in a number of shapes 
and sizes, Fig. 6-7. Flexible magnets may be used as 
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Fig. 6-5. In a permanent magnet, the molecules are in line. 


Fig. 6-6. A long magnet may be broken into several smaller 


magnets. 
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Fig. 6-7. Magnets are made in a number of styles, shapes, and 
sizes. Note that N and S poles of ring magnet cannot be iden- 
tified. 


a visual teaching aid, Fig. 6-8. The resistance symbols 
in this drawing are made of a flexible magnetic 
material. They are held in place on a sheet iron bulletin 
board by magnetism. Industry uses these “boards” for 
traffic control, production flow, temporary notices, 
and other announcements. 

CAUTION: Heat will destroy a magnet. Heat energy 
causes an increase in molecular activity and expansion. 
This permits the molecules to return to their random 
positions on the unmagnetized piece of steel. 


Magnetic recording tape 


Recording tape used in cassettes, videotapes, and 
computers uses magnetic principles to store informa- 
tion. Magnetized iron oxide particles are adhered to 
a plastic tape or floppy disk using a binder. By 
magnetizing these with a recording head, information, 
music, or photographs can be stored. Likewise, the 
information can be “read” from a tape or floppy disk 
by a magnetic head. Fig. 6-9 shows a typical floppy 
disk used in a computer disk drive. 


a er Ce ey 


Fig. 6-8. Electrical symbols made of flexible magnets are at- 
tached to a metal board. This idea has hundreds of uses. 


MAXELL 
computers. 


Fig. 6-9. Magnetic floppy disks used in 
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MAGNETIC FLUX 


The many invisible lines of magnetic force surround- 
ing a magnet are called the MAGNETIC FLUX. If a 
magnet is strong, the lines will be more dense. So, the 
strength of the magnetic field may be determined by 
its flux density, or the number of lines per square inch 
or per square centimeter. Flux density is expressed by 
the equation: 


> |e 


where B equals flux density, $ (phi) equals the number 
of lines, and A equals the cross-sectional area, in either 
square inches or square centimeters. If A is measured 
in square centimeters, then B is the number of lines 
per square centimeter or GAUSS. B can be given in 
webers per square meter. 


THIRD LAW OF MAGNETISM 


A simple experiment will help to show a third Law 
of Magnetism. Place one bar magnet on a table, then 
slowly approach it with a second bar magnet. If the 
polarities are opposite, they will attract each other when 
close enough together. This experiment helps to indicate 
that the ATTRACTIVE FORCE INCREASES AS 
THE DISTANCE BETWEEN THE MAGNETS 
DECREASES. 

The magnetic force, either attractive or repelling, 
varies inversely as the square of the distance between 
the poles. For example, if the distance between two 
magnets with like poles is increased to twice the 
distance, the repulsive force reduces to one-quarter of 
its former value. This is valuable information. It 
explains the reason for accurately setting the gap in 
magnetic relays and switches. The term GAP is the 
distance between the core of the electromagnet and its 
armature. 


REVIEW QUESTIONS FOR SECTION 6.1 


. The two poles of a permanent magnet are the 
pole and the pole. 
. Unlike poles each other. 
. Name three common shapes for magnets. 
. Name six uses of magnets that you come in 
contact with each day. 
. The invisible lines of magnetic force are called 


. Flux density is measured in 
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6.2 ELECTRIC CURRENT AND 
MAGNETISM 


During the eighteenth and nineteenth centuries, a 
great deal of research was directed to the link between 
electricity and magnetism. The Danish physicist, Hans 
Christian Oersted, discovered that a magnetic field 
existed around a conductor carrying an electric cur- 
rent, Fig. 6-10, where a current carrying conductor is 
passed through a sheet of cardboard. Small compasses 
placed close to the conductor, point in the direction 
of the magnetic lines of force. Reversing the current 
will also reverse the direction of the compasses by 180 
deg. This shows that the direction of the magnetic field 
depends upon the direction of current flow. 

The LEFT HAND RULE FOR A CONDUCTOR 
may be used to reveal the direction of the magnetic 
field. Grasp conductor with your left hand, extending 
your thumb in direction of current flow. Your fingers 
around conductor will indicate circular direction of 
field. 

In Fig. 6-11, the dot in the center of the conductor 
at left is the point of an arrow. It shows that current 
is flowing toward you. Circular arrows give the direc- 
tion of the magnetic field. This principle is very im- 
portant when electrical wires carry alternating currents. 
Then, placement of wires, or “lead dress,” has a cer- 
tain influence on the working of the circuit. 


COMPASSES 
ON CARDBOARD 


Fig. 6-10. Compasses line up to show circular pattern of 
magnetic field around current carrying conductor. 


Fig. 6-11. These conventions are used to show the link 
between current flow and the magnetic field. 
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THE SOLENOID 


When a current carrying conductor is wound into 
a coil, or SOLENOID, each of the magnetic fields 
circling the conductors tend to merge or join together. 
A solenoid will appear as a magnetic field with a N 
pole at one end, and a S pole at the opposite end. This 
solenoid is shown in Fig. 6-12. 

The LEFT HAND RULE FOR A COIL may be used 
to learn the polarity of the coil. Grasp the coil with 
your left hand in such a manner that your fingers circle 
the coil in the direction of current flow. Your extended 
thumb will point to the N pole of the coil. 

The strength of the magnetic field of a solenoid 
depends upon the number of turns of wire in the coil, 
and the current in amperes flowing through the coil. 
The product of the amperes and turns is called the 
AMPERE-TURNS of a coil. It is the unit of measure- 
ment of field strength. If, for example, a coil of 500 
ampere-turns will produce a required field strength, any 
combination of turns and amperes totaling 500 will 
work, such as, 


50 turns x 10 amps 
100 turns x 5 amps 
500 turns x 1 amp 


500 amp-turns 
500 amp-turns 
500 amp-turns 


MAGNETIC CIRCUITS 


A detailed study of magnetic circuits is beyond the 
scope of this text. However, you should know the terms 
used to describe quantities and characteristics of 
magnetic circuits. 

It has already been mentioned that a likeness exists 
between magnetic circuits and electrical circuits. Com- 
paring circuits, the number of lines of magnetic flux, 
$ (in electricity this is current, I), is in direct propor- 
tion to the force producing them. This force (F) is in 
units of magnetomotive force called GILBERTS. (In 
electricity this is voltage, E.) Also, there is resistance 
in a magnetic circuit, which is called RELUCTANCE. 
Its unit of measure is the REL (R). The equation then 
becomes: 


p= E (Rowland’s Law) 
R 
where ® = Total number of lines of magnetic force 
F = Force which produces the field in gilberts 
R = Resistance to the passage of lines of force 


(reluctance) 
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Fig. 6-12. A wire wound into a coil is a solenoid and has a 
polarity set by the direction of current flow. 


The relationship between F and ampere-turns is 
F = 1.257 IN, where Fis gilberts, I is the current, and 
N is the number of turns. 

The term reluctance has been defined as the unit of 
measurement of the resistance to the passage of 
magnetic lines of force. This is also the resistance of- 
fered by one cubic centimeter of air. Experimentation 
proves that, as the flux path increases in length, the 
reluctance increases. Likewise, as the cross-sectional 
area of the flux path decreases, the reluctance increases. 

Reluctance also depends upon the material used as 
the path. The ability of a material or substance to con- 
duct magnetic lines of force is called PERMEABILITY. 
The permeability of air is considered as 1. The term 
is expressed by the Greek letter y, (pronounced mew.) 
The factors determining the resistance in a magnetic 
circuit may be compared to the factors affecting the 
resistance of electron flow in a conductor. Refer to 
Chapter 4. For the magnetic circuit: 


e, 
A 


where R equals rels, g equals length of path, y equals 
the permeability of the material in the path, and A 
equals the cross-sectional area of the path. 

There is a distinct link between the density of a 
magnetic field, the force producing the field, and the 
permeability of the substance in which the field is pro- 
duced. Mathematically, 


_ B _ Flux lines per cm? or gauss 
H Gilberts per cm 
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The symbol H is the INTENSITY of a magnetizing 
force through a unit of length. It is commonly ex- 
pressed in gilberts per centimeter. mathematically, 


F 
n= = 1257 IN 


£ £ 


The term £ is, again, length of path expressed in cen- 
timeters. The B, H, and y of common magnetic 
materials may be found in an electricity handbook. 


ELECTROMAGNETS 


The construction of a solenoid coil has already been 
discussed. In the case of the solenoid, air only is the 
conductor in the magnetic circuit. Other substances will 
conduct magnetic lines of force better than air. These 
materials would be described as having greater 
PERMEABILITY. 

To prove this, a soft iron core may be inserted in 
the solenoid coil, Fig. 6-13. The strength of the 
magnetic field will be greatly increased. Two reasons 
may be given. First, the magnetic lines have been con- 
fined (concentrated) into the smaller cross-sectional 
area of the core. Secondly, the iron provides a far better 
path (greater permeability) for the magnetic lines. Such 
a device is known as an ELECTROMAGNET. The 
rules used to learn the polarity of an electromagnet are 
the same as those for the solenoid. Use the Left Hand 
Rule. You may wish to construct a simple elec- 
tromagnet as shown in Fig. 6-14. 

The electromagnet is made by selecting a prewound 
solenoid coil and putting the soft iron core in the center. 
Wire according to the diagram. Experiment with this 
coil by using a compass. Connect the ends of the coil 
to a 6-volt battery. Notice the polarity of the coil. 
Reverse the connections to the battery and observe the 
compass action. Remember the direction of electron 
flow in a circuit. Does this experiment prove the Left 
Hand Rule? 

Carry on this experiment using the electromagnet to 
pick up several small nails. As the nails are held by 
magnetic force, open the switch. The nails will fall. 
Leaving the switch open, try to pick up some fine iron 
filings. Notice that some filings will be drawn to the 
core. In other words, the core has retained a small 
amount of its magnetism. This is called RESIDUAL 
MAGNETISM. As very little magnetism remained, the 
core would be considered as having LOW RETEN- 
TIVITY. Now, replace the core of the magnet with a 
steel core. Repeat the experiment. Once the steel is 
magnetized by the coil, it retains its magnetism. A per- 
manent magnet has been made, because steel has a 
HIGH RETENTIVITY. 
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Fig. 6-13. The coil with an iron core is described as an 
electromagnet. 


ELECTROMAGNET 


BAT. 


Fig. 6-14. An electrodemonstrator (see Appendix 6 for more 
information) is used to show principles of an electromagnet. 


SOLENOID SUCKING COIL 


Refer to Fig. 6-15. The experiment is still being con- 
ducted. This is to show the sucking action of the 
solenoid. First, energize the solenoid coil by closing 
the switch. Then bring the iron core close to one end 
of the coil. Notice the pulling magnetic force. Release 
the core from your fingers. It will be sucked into the 
center of the coil and come to rest at the center of the 
coil. Is this not converting magnetism into mechanical 
motion? The solenoid sucking coil has many uses in 
industry, for the electrical control of mechanical action. 


Magnetism 


REVIEW QUESTIONS FOR SECTION 6.2 


. What is an electromagnet? 
. Explain the Left Hand Rule for a coil. 
. A coiled current carrying conductor is known as 

a . 

. What is permeability? 

. The amount of magnetism left in a magnetic 
core is called er ++ 

. The unit of measure for magnetomotive force is 
the: 

a. Flux. 
b. Gilbert. 
Ẹ 
d 


IRON CORE e 


TO SOURCE VOLTAGE . Gauss. 


Fig. 6-15. When the solenoid is energized, the core is sucked - None of the above. 


into the center. 


Refer to Fig. 6-16. It shows a simple, useful door 6.3 THE RELAY 
chime. It is built by arranging the coil and parts as 
shown. The door chime uses the sucking coil princi- The relay is a device used to control a large flow of 
ple. When the coil is energized, the core is sucked into current by means of a low voltage, low current circuit. 
the coil and strikes the chime. It is a magnetic switch. 
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Fig. 6-16. In this application, the electrodemonstrator is used as a door chime. The same principles and 
construction may be used for other worthwhile and useful projects. 
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Assemble the relay, as shown by the diagram, 
Fig. 6-17. A flashlight cell is used to energize the elec- 
tromagnet. This circuit is controlled by the switch. 
When the coil is magnetized, its attractive force pulls 
the lever arm, called an ARMATURE, toward the coil. 
The contact points on the armature will open or close 
depending upon the arrangement, and control the 
larger high voltage circuit. In this circuit a light bulb 
is used which is connected to a 115 volt power source. 
The advantages of this device are clear. 

1. From the safety point of view, the operator touches 
only a harmless, low-voltage circuit, yet controls 
perhaps several hundred volts by means of the relay. 
Heavy current machines may be controlled from a 
remote location without any need to run heavy wires 
to the controlling switch. 

. Switching action by means of relays may be very 
rapid and positive. 

There are hundreds of uses for relays at home and 
in industry to control motors and machines. In the 
automobile, the relay is used in the voltage regulator 
and in controlling the starting motor, the horn, and 
the headlights. In electronic equipment and radio 
transmitters, a relay is used in many high voltage cir- 
cuits. It provides a sensitive, positive means of con- 
trol. Relays of this type are shown in Fig. 6-18. 

By looking through a radio parts catalog, you will 
notice a large number of relays designed for certain 
uses, Fig. 6-19. When choosing a relay for a special 
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Fig. 6-17. This circuit uses the electrodemonstrator as a relay. 
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purpose, think about the number of switching contacts 
required and the current carrying ability of these con- 
tacts. Well-designed relays have points made of silver, 
silver alloys, tungsten, and other alloys. 


TO DEVICE 


— - 


Ha: 


115 V 


Fig. 6-18. Basic circuit using low voltage relay, as used to con- 
trol lighting circuit in the home. 


Fig. 6-19. Type of relay used in electronic control circuits. 


Magnetism 


A relay may be chosen for either opening or closing 
a circuit. Its “at rest” position would be “normally 
closed” or “normally open.” The coil is the most vital 
specification. Relays are designed with coils which work 
on a direct current or an alternating current. Some are 
very sensitive. They require a milliampere or less to 
energize. The coil chosen should produce enough 
magnetic field at its rated voltage to insure positive con- 
tact of switch points at all times. 


THE REED RELAY 


The reed relay is another similar use of magnetism. 
Refer to Fig. 6-20. Two magnetically sensitive switch 
contacts are enclosed in a glass tube. If a permanent 
magnet is brought close to the glass tube, it will cause 
the switch contacts to close. The reed relay can also 
be worked by an electromagnet. The operating coil is 
placed around the reed relay. 


CIRCUIT BREAKER 


Referring to electromagnets, the strength of a 
magnetic field depends upon the AMPERE-TURNS. 
If a coil is made with a fixed number of turns, then 
its field strength may be varied by controlling the cur- 
rent in the coil. Upon this principle is devised the 
CIRCUIT BREAKER. 

Assemble the coil and armature parts as in Fig. 6-21. 
Compare this device to the relay. Notice that, in the 
circuit breaker, the coil and armature points are in 
series and the whole device is connected in series in the 
line carrying the load. If the line current exceeds a 
preset value, the coil will build up enough magnetic 
force to overcome the spring tension of the armature. 
The armature releases the points and will open and 
“break” the circuit. The contact points must be reset 
or closed by hand. 


SWITCH OPEN 
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Fig. 6-20. A sketch of a reed relay. The magnet causes the 
reed contacts to close. 
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Fig. 6-21. Top. Electrodemonstrator assembled as a circuit 
breaker. Bottom. Circuit breaker circuit, 


t 


This device prevents a circuit from being overloaded 
beyond the safe carrying volume of the wires. Many 
homes and businesses use the circuit breaker in place 
of the fuse. 

LESSON IN SAFETY: The circuit breaker is installed 
for safety. It prevents overload circuits and the danger 
of fire. The breaker should never be disabled. If the 
breaker opens the circuit over and over, learn the reason 
at once. Then take instant steps to solve the problem. 


DOOR BELL AND BUZZER 


A common device that uses electromagnets is the 
buzzer, Arrange the coils and armature as in Fig. 6-22. 
Notice that the coil and the contact points are again 
connected in series. When the coil is energized, the 
armature is attracted toward the coil. The contact 
points open and “break” the circuit. The attraction of 
the coil then falls to zero. The armature spring pulls 
the contact points closed. This once again energizes the 
coil and opens the contacts. This action continues as 
long as a voltage is applied. The device “buzzes” due 
to vibration of the armature. An extension may be 
placed on the vibrating armature on which a striker 
is attached. The striker hits a bell. This is the princi- 
ple of the doorbell. 
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Fig. 6-22. Left. Electrodemonstrator assembled as a buzzer. Right. Buzzer circuit. 


Clear-cut examples of electromagnetic uses will be 
discussed later in this text. A thorough understanding 
of the action of magnetic fields is vital. The principles 
of magnetism are the basis for many electrical and elec- 
tronic events. 


MAGNETIC SHIELDS 


A magnetic field has no bounds. To the first-time 
student, it is hard to understand that the force of the 
magnet will pass through any kind of substance. It does 
not matter whether it be a concrete wall, glass, wood 
or any other substance. However, an instrument or a 
circuit may be shielded from magnetic lines of force. 
This is done by using the PERMEABILITY of some 
other substance. 

If a piece of iron is placed in a magnetic field, the 
lines of force will follow through the iron rather than 
through the air. This is because iron has a much greater 
permeability. The iron acts as a low resistance path for 
the magnetic lines. In Fig. 6-23 this action may be 
observed. By this method, magnetic lines may be con- 
ducted around an object. This is called SHIELDING. 
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Fig. 6-23. Magnetic lines of force may be conducted around 
a device by using a high permeability material as a shield. 
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Many shields are used in electronic equipment to pre- 
vent magnetic fields from affecting the working of 
circuits. 


REVIEW QUESTIONS FOR SECTION 6.3 


. What is a relay? 
2. The strength of a magnetic field depends on the 


. A circuit breaker: 


a. Is installed for safety. 
b. Prevents overloaded circuits. 
c. Is often used in place of a fuse. 
d. All of the above. 
. Explain how a door buzzer operates. 
. What is shielding? 


EXPERIMENT |. Set up the electrodemonstrator as 
shown in Fig. 6-1. The coils are used in this experi- 
ment only as a HOLDING DEVICE for the two per- 
manent magnets. Suspend the cardboard over the 
magnets on long bolts fastened to the base. Fix the 
magnets in the coils by wedging them with a 
pointed match stick or toothpick. 


A. Place magnets so that poles attract. Sprinkle 
iron filings on cardboard and observe pattern. 

B. Place magnets so that poles repel. Observe 
pattern. 

C. Place magnets so that ends touch and observe 


pattern. What conclusions can you draw from 
these observations? 
EXPERIMENT II. Make two wire saddles as shown 
in Fig. 6-3, and suspend permanent magnets in free 
space. 


B. 


E: 


Magnetism 


Place so that north poles are next to each other. 
Observe. 
Place so that south poles are next to each other. 
Observe. 
Place so that unlike poles are next to each other. 
Observe. 


Make your conclusions and state the Laws of 
Magnetism in your own words. 


EXPERIMENT 


Ill. Construct and use the elec- 


tromagnet, the buzzer, the door chime, and the cir- 
cuit breaker. Use your electrodemonstrator. Ask 
your instructor to check each setup BEFORE power 
is applied. 


Ww 


10. 


‘SUMMARY 


. Magnets are materials or substances which have 


the power to attract iron, steel, or other magnetic 
material. 


. Magnets have poles. Every magnet has a north pole 


and a south pole. 


. The earth is a large magnet. 
. Like poles repel each other; unlike poles attract 


each other. 


. Temporary magnets lose their properties quickly. 


Permanent magnets keep their magnetic proper- 
ties for a long period of time. 


. The invisible lines around a magnet are called 


magnetic flux lines. 


. Electromagnets are created when current flows 


through a coil of wire. 


. Magnetic resistance is reluctance. 
. Permeability is the ability of a material to conduct 


magnetic lines of force. 
Residual magnetism is what is left in a core after 
the electromagnetic field is turned off. 
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11. The relay is an electromagnetic switch. 
12. An electromagnetic circuit breaker can be used to 


prevent an overload of current. 


TEST YOUR KNOWLEDGE, Chapter 6 


Please do not write in the text. Place your answers 


on a separate sheet of paper. 


1. 


2. 


uy 


wa 


—] 


Concentrations of magnetic force are called 


What is the name of the angle between true north 
and magnetic north? 

State the first two Laws of Magnetism. 

What is the equation for flux density? What do each 
of the letter symbols in the equation mean? 
State the third Law of Magnetism. 

Compare a magnetic circuit to an electrical circuit. 
Use Rowland's Law. 


. List three advantages of using relays. 
. In your own words, state the meaning of the follow- 


ing letter symbols. 


FOR DISCUSSION - + 


. What are some uses of magnets in our everyday liv- 


ing at home? 
Explain the differences and similarities between 
magnetism and gravitation. 


. How does a magnetic compass work in the northern 


hemisphere? How does it work in the southern 
hemisphere? 


. How can relays be used in elementary computers? 


Electricity and Electronics 


OUT 


Experiments will prove that if you pass a wire through a magnetic field (left) you can cause electricity in the wire. Right, the 
galvanometer, a coil, and a magnet will let you observe this principle. 


(y PULSATING 
DIRECT 


CURRENT 


DIRECT eS PULSATING 
CURRENT DIRECT 
CURRENT 


This shows the basic principle of the generator. As the wire 

coil turns, electricity flows through the wire coil, into the 

rings of the commutator and out through the brushes into 
the electrical circuit. 


As you learned in Chapter 6, magnetism is closely linked to electricity. As you continue to study, you will see how magnetism 
is involved in generating electric power through generators. 
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After studying this chapter, you will be able to: 

E Explain how mechanical energy can produce elec- 
trical energy. 

W Discuss the difference between direct current and 
alternating current. 

@ Explain the construction and function of a 
generator. 

E Identify the types of generators. 

® Discuss voltage and current regulation. 

mE Use your knowledge of alternating current to solve 
practical problems. 


7-1 ELECTRICAL ENERGY FROM 
MECHANICAL ENERGY 


In Chapter 6, the discoveries of Hans Christian 
Oerstead were cited as proof that electric current 
produces a magnetic field. In 1831, scientist Michael 
Faraday wondered: If electricity produces magnetism, 
can magnetism produce electricity? 


Chapter 7 
GENERATORS 


Based on his research, Mr. Faraday learned that 
magnetism could in fact produce electricity. If a 
conductor was moved through a magnetic field, a 
voltage was induced (brought about) in the conductor. 
This is known as MAGNETIC INDUCTION. In order 
to induce voltage, there must be a magnetic field, a 
conductor, and relative motion between the field and 
conductor, Fig. 7-1. ME 

In the following experiment, you can see the prin- 
ciples of magnetic induction at work. Refer to Fig. 7-2. 
A coil is attached to a galvanometer. This is a meter 
that shows the flow and direction of an electric cur- 
rent. A permanent bar magnet is placed in the hollow 
coil. As the magnet moves into the coil, the needle on 
the meter shows current flowing in one direction. As 
the magnet is taken out of the coil, the needle shows 
current flowing in the other direction. When the magnet 
is still, no current is produced. These same movements 
occur when the magnet is held still, while the coil is 
moved over the magnet. 


MAGNETS 


WIRE MOVING 
THROUGH 


MAGNETIC 
FIELD FIELD 


Fig. 7-1. Magnetic induction. A conductor passed through a magnetic field dis- 
places electrons in conductor. The electrons then move through the conductor. 
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PS 


Fig. 7-2. Use agalvanometer, a coil, and a magnet to observe the principles 
of magnetic induction. 


Fig. 7-3 shows the action of coil turning in a magnetic 
field. In position A, coil top moves parallel to field 
of magnetism. No voltage is produced. In position B, 
both sides of the coil are cutting the field at right angles. 
The highest voltage is produced at this angle. Position 
C is like position A. The voltage drops to zero. In posi- 
tion D, the coil is again cutting the field at right angles. 
Highest voltage is induced, but in the opposite direc- 
tion of position B. The curve in Fig. 7-3 shows the 
voltage induced in the coil in one turn. 

How is this induced voltage created? Fig. 7-4 shows 
single conductors passing through a magnetic field, but 
in opposite directions. Current flow is shown by the 
arrows. In each case, the induced current in the con- 
ductor forms a magnetic field around the conductor. 


This field opposes, and is repelled by, the fixed field. 
This is stated in LENZ’S LAW: “The polarity of an 
induced electromagnetic force is such that it sets up 
a current, the magnetic field of which always opposes 
the change in the existing magnetic field.” More simply, 
Lenz’s Law says the field induced around the conduc- 
tor is opposed by the existing field. Therefore, in order 
to get electricity, some form of mechanical force must 
be applied to overcome this opposition. For example, 
water and steam supply the mechanical force to turn 
turbines in large power plants. 

The strength of the induced voltage in a rotating coil 
depends on: 
1. The number of magnetic lines of force cut by the 

coil. 


ARMATURE A B c D E 
A ==> 
e a 
ra) a a ee O 
==: : => + 
a ee H T> 
| A ian AN: E ae a z 
2 AO Y a. ed A E AAA A DU E 
TA EES GES (| AD FEF) LF TE aaa E) Y AE a (ar Se E 
A PP ee AABT ATA E RIA E) 
aie OE LD ES LP LE |S 1 ORAR S| ee ES E 
[4 A O Se > A AA SAO SIE E 
AAA MA AS AREA 
AL 7 7 > a a Y DI eo 
aS Bs ee ae ae a ee a eae 
[TEA ME 
| a Sa 
— — a e 


LINES OF FORCE 


EMF 02 
— aie 90° 


ANGLE OF ROTATION 


Fig. 7-3. Step-by-step development of induced voltage dur- 
ing one revolution of a coil. 
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Fig. 7-4. The direction of current flow as a conductor cuts 
across a magnetic field. 


2. The speed at which the conductor moves through 
the field. Therefore, when a single conductor cuts 
across 100,000,000 (10%) magnetic lines in one sec- 
ond, one volt of electrical pressure will be produced. 
The voltage can be increased by winding the 
armature with many turns of wire, and also by 
increasing its speed of rotation. Reviewing what was 
learned in Chapter 6, this link can be expressed by 
the mathematical equation: 

N 

E= 108, 
where E equals the induced voltage, equals the lines 
of magnetic flux, and N equals revolutions per second. 
For example, if the fixed magnetic field consisted of 

106 lines of magnetic flux and a single conductor 

cut across the field 50 times per second, the induced 

voltage would equal: 

106 x 50 
108 E 

.5 volts 


E = 50 x 10-2? 


DC VERSUS AC 


Direct current (dc) flows in one direction in a con- 
ductor. The flow of electrons may be constant. This 
is called PURE DIRECT CURRENT. Or the flow may 
be intermittent. This is called PULSATING DIRECT 
CURRENT. See Fig. 7-5. 

Alternating (ac) current flows in alternating direc- 
tions (back and forth) in a conductor within a given 
time period. Alternating current is shown in the graph, 
Fig. 7-3. This curve is called a SINE WAVE. 
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Fig. 7-5. Graphs showing pure dc and pulsating dc. 


CONSTRUCTION OF A GENERATOR 


A GENERATOR is a device which changes 
mechanical energy into electrical energy. You saw this 
change in Fig. 7-3. The revolution of the coil 
(mechanical energy) was changed to induced current 
(electrical energy). This action is an example of a very 
simple generator. It is not very useful in this form. It 
is not powerful enough to do work. It requires some 
improvements. 

A stronger magnetic field can be made by replacing 
the permanent magnets with electromagnets. Field coils 
can be placed over pole pieces or shoes fastened to the 
steel frame or generator case. The revolving coil, or 
ARMATURE, is hung in the case with the proper bear- 
ings. The single coil is replaced by wire coils of many 
turns on the armature. Outside connections to the 
rotating armature are made through commutators or 
slip rings, and brushes. ACOMMUTATOR is a device 
that reverses electrical connections. It is used on direct 
current generators, Fig. 7-6. Slip rings are used on alter- 
nating current generators, Fig. 7-7. 
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Fig. 7-6. Simple dc generator. 
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Fig. 7-7. Simple ac generator. Wire loop carries the induced 
current. Electrons flow out one brush, through circuit, and back 
in through other brush. 


With an ac generator, the induced current in the ar- 
mature flows first to highest voltage in one direction. 
The current then flows to highest voltage in the other 
direction. AC generators will be covered later in this 
chapter. 

The dc generator is like the ac generator in construc- 
tion. Refer back to Fig. 7-6. However, a direct cur- 
rent is needed at the output terminals of the dc 
generator. The alternating current in the armature is 
changed to a pulsating direct current in the outside cir- 
cuit by a commutator. Study Fig. 7-8. The drawings 
show the action of the commutator and brushes. 


Note that the current in the outside circuit is always 
flowing in one direction. The output of this generator 
is shown in Fig. 7-9. It rises and falls from zero to max- 
imum to zero, but always in the same direction. Follow- 
ing the action in Fig. 7-8, brush A is in contact with 
commutator section A, and brush B is in contact with 
section B. The first induced wave of current flows 
through the armature out of brush B, around the 
external circuit and into brush A, completing the cir- 
cuit. When the armature revolves one-half turn, the 
induced current will reverse its direction. But the 
commutator sections have also turned with the 
armature. The induced current flowing out of section 
A is now in contact with brush B and flows through 
the external circuit to brush A into section B, com- 
pleting the circuit. The commutator has acted as a 
switch. It reversed the connections to the rotating coil 
when the direction of the induced current was reversed. 

The current in the outside circuit is pulsating direct 
current. The output of this generator is not a smooth 
direct current. The weakness of pulsating dc can be 
improved two ways. The number of rotating coils on 
the armature can be increased and commutator sec- 
tions can be supplied for each set of coils. 

To help you understand how the coils are added to 
the armature, see Fig. 7-10. Each coil has its own 
induced current. As the current starts to fall off in one, 
it is replaced by the induced current in the next coil. 


DIRECT 
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Fig. 7-8. The commutator changes the alternating current in 
the armature to a pulsating direct current in the outside circuit. 


Fig. 7-10. A simple generator with two coils at right angles 
to each other. They are rotated in magnetic field. 
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The current is created as the coils cut across the 
magnetic field. A graph of the output is shown in Fig. 
7-11. It is still a pulsating current. However, the pulses 
come twice as often and are not as large. The output 
of the two coil generator is much smoother. By increas- 
ing the number of coils, the output will closely duplicate 
a pure direct current with only a ripple variation. 


GENERATOR LOSSES 


All of the mechanical power used to turn the 
generator is not converted into useful electrical power. 
There are some losses. You will recall that all wires have 
some resistance, depending on their size, material, and 
length. Resistance uses power. 

In the generator coils there are many feet of copper 
wire. The resistance of this wire must be overcome by 
the induced voltage. Voltage used in this manner gives 
nothing to the external circuit. It only creates heat in 
the generator windings. Power loss in any resistance 
is equal to: 


P = PR 


Of special concern is the fact that power loss 
increases as the square of the current. To be specific, 
if the current in the generator doubles, the power loss 
is four times, or 2?, more. The limiting factor in 
generator output is usually the wire size, and current 
carrying capacity of the armature windings. Losses 
resulting from resistance in the windings are classified 
as COPPER LOSSES or the PR LOSS. 

The armature windings in the generator are wound 
on an iron core, which is slotted to hold the coils. Like 
a conductor, as the solid iron core rotates, it induces 
voltages, causing an alternating current to flow in the 
core. This alternating current is known as an EDDY 
CURRENT. It produces heat, which is a loss of energy. 
To reduce this loss, the core is made of built up thin 
sections or laminations, Fig. 7-12. Each section is 
insulated from the next section by lacquer or, at times, 
only oxide and rust. Lamination reduces voltage in the 
core and increases resistance to eddy currents. 

Eddy currents will increase in the core as the speed 
of rotation increases or the field density increases. 
When iron cores are used in rotating machines and 
transformers, they are laminated to reduce eddy current 
losses. 

A third loss occurring in a generator is called 
HYSTERESIS LOSS. It is also called molecular fric- 
tion. As the armature rotates in the fixed magnetic field, 
many of the magnetic particles in the armature core re- 
main lined up with the fixed field. These particles then 
rotate against those not lined up with the field. This 
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Fig. 7-11. Output of generator in Fig. 7- 
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Fig. 7-12. Lamination of the metal core of an armature 
reduces the flow of eddy currents. 


causes internal friction between the magnetic particles 
and creates a heat loss. Generator manufacturers now 
use a silicon steel which has a low hysteresis loss. An- 
nealing the core further reduces this loss. 


REVIEW QUESTIONS FOR SECTION 7.1 


. Voltage is highest when the coil moves (parallel, 
at a right angle) to the magnetic field. 

. In your own words, explain Lenz’s Law. 

. On what does the strength of induced voltage 
depend? 


. Define direct current and alternating current. 

A is a device that reverses electrical 
connections. 

. Sketch a dc generator. Use arrows to show 
current flow. 

. Name three types of generator losses. 


7.2 TYPES OF GENERATORS 


Basic generator types include independently excited 
field, shunt, series, and compound. 
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INDEPENDENTLY EXCITED FIELD 
GENERATOR 


Generator output is determined by the strength of 
the magnetic field and the speed of rotation. Field 
strength is measured in ampere-turns. So, an increase 
in current in the field windings will increase the field 
strength. 

Output voltage is in direct proportion to field 
strength, times the speed of rotation. Therefore, most 
output regulating devices depend on varying the cur- 
rent in the field. 

The field windings may be connected to an indepen- 
dent source of dc voltage, Fig. 7-13. With the speed 
constant, the output may be varied by controlling the 
exciting voltage of the dc source. This is done by 
inserting RESISTANCE IN SERIES with the source 
and field windings. This type of generator is called an 
independently excited field generator. 


SHUNT GENERATOR 


The inconvenience of a separate dc source for field 
excitation led to the development of the shunt 
generator. In this generator a part of the generated cur- 
rent is used to excite the fields. The field windings con- 
sist of many turns of small wire. They use only a small 
part of the generated current. The total current 
generated must, of course, be the sum of the field 
excitation current and the current delivered to the load. 
Thus, the output current can be thought of as varying 
according to the applied load. The field flux does not 
vary to a great extent. Therefore, terminal voltage 
remains constant under varying load conditions. This 
type of generator is considered a constant voltage 
machine. 

If the generator excites its own field, how does the 
generator start? Beginning voltage is produced when 
the armature windings cut across a small magnetic field. 
This field is caused by magnetism left over in the pole 
shoes or field coil cores. A diagram of a shunt generator 
is shown in Fig. 7-14. 

All machines are designed to do a certain amount 
of work. If overloaded, their lives are shortened. A 
generator is no exception. When overloaded, the shunt 
generator terminal voltage drops rapidly. Current flood 
causes the armature windings to heat and break down. 


SERIES GENERATOR 


The field windings of a generator may be placed in 
series with the armature and the load. Such a generator 
is sketched in Fig. 7-15. It is seldom used. 
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COMPOUND GENERATOR 

The compound generator uses both series and shunt 
windings in the field. The series windings are often a 
few turns of large wire. They are mounted on the same 


poles with the shunt windings. Both windings add to 
the field strength of the generator. If both act in the 
BATTERY 
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Fig. 7-13. An independently excited generator. 
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Fig. 7-14. A shunt generator. 
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Fig. 7-15. A series wound generator. 
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same direction or polarity, an increase in load causes 
an increase of current in the series coils. This would 
increase the magnetic field and the terminal voltage of 
the output. The fields would be ADDITIVE; the 
resulting field would be the sum of both coils. 
However, the current through the series winding pro- 
duces magnetic saturation of the core. This results in 
a decrease of voltage as the load increases. 

The way terminal voltage behaves depends on the 
degree of COMPOUNDING. A compound generator 
which maintains the same voltage either at no-load or 
full-load is said to be FLAT-COMPOUNDED. An 
OVER-COMPOUNDED generator, then, will increase 
the output voltage at full-load, and an UNDER- 
COMPOUNDED generator will have a decreased 
voltage at full-load current. 

A variable load may be placed in parallel with the 
series winding to adjust the degree of compounding. 
Fig. 7-16 shows schematic diagrams of the compound, 
the series, and the shunt generator. 
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Fig. 7-16. Compare these wiring diagrams of the shunt, the 
series, and the compound generator. 


VOLTAGE AND CURRENT REGULATION 


The regulation of a power source, whether a 
generator or a power supply, may be defined as the 
percentage of voltage drop between no-load and full- 
load. Mathematically, it may be expressed as: 


Brae = Esulload x 100 = % Regulation 
osa 


To explain this formula, assume that the voltage of 
a generator with no-load applied is 100 volts. Under 
full-load the voltage drops to 97 volts, then, 


WOY =N 2., _ 
97 V = 97 x 100 = 3.1% approx. 


In most uses, the output generator voltage should be 
maintained at a fixed value under varying load condi- 
tions. The output voltage of the generator depends upon 
the field strength. The field strength depends upon the 
field current. 

Current, according to Ohm’s Law, varies inversely 
with resistance. Therefore, a device which would vary 
the resistance in the field circuit would also vary the 
voltage output of the generator. This regulator is shown 
in Fig. 7-17. It is often used in automobiles. 

The generator output terminal G is joined to the bat- 
tery and the winding of a magnetic relay. The voltage 
produced by the generator causes a current to flow in 
the relay coil. If the voltage exceeds a preset value, the 
increased current will provide enough magnetism to 
open the relay contacts. 
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Fig. 7-17. Circuit for a generator voltage regulator. 
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Notice that the generator field is grounded through 
these contacts. When they open, the field current must 
pass through resistance R to ground. This reduces the 
current which reduces the field strength and reduces 
the terminal voltage. When the voltage is reduced, the 
relay contact closes, permitting maximum field current. 
Terminal voltage rises. 

In operation, these contact points vibrate. They alter- 
nately cut resistance in and out of the field circuit and 
maintain a constant voltage output of the generator. 

Mechanical-magnetic relays have served this purpose 
for many years. Now, however, electronic devices are 
being used on cars. An electronic regulator using an 
IC for the switching functions is shown in Fig. 7-18. 
A study of integrated circuits will be done in a later 
chapter of this text. 


REVIEW QUESTIONS FOR SECTION 7.2 


1. Generator output is determined by two items. 
Name these items. 
2. This generator requires an external power source 
to provide voltage to the field windings: 
a. Series generator. 
b. Compound generator. 
c. Shunt generator. 
d. Independently excited field generator. 
3. This generator is considered a constant voltage 
device: 
a. Series generator. 
b. Compound generator. 
c. Shunt generator. 
d. Independently excited field generator. 
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4. This generator has both series and shunt 
windings in the field: 
a. Series generator. 
b. Compound generator. 
c. Shunt generator. 
d. Independently excited field generator. 

5. State the mathematical equation for regulation 
of a power source. 


7.3 ALTERNATING CURRENT 


Direct current flows in only one direction. Alter- 
nating current changes its direction of flow at times 
in the circuit. In dc, the source voltage does not change 
its polarity. In ac, the source voltage changes its 
polarity between positive and negative. 

Fig. 7-19 shows the magnitude and polarity of an 
ac voltage. Starting at zero, the voltage rises to max- 
imum in the positive direction. It then falls back to 
zero. Then it rises to maximum with the opposite 
polarity and returns to zero. 

The current wave is also plotted on the graph. It 
shows the flow of current and the direction of flow. 
Above the zero line, current is flowing in one direc- 
tion. Below the zero line, the current is flowing in the 
opposite direction. 

The graph represents instantaneous current and 
voltage at any point in the cycle. But what is a cycle? 
A cycle is a sequence or chain of events occurring in a 
period of time. 

An ac cycle may be described as a complete set of 
positive and negative values for ac. The alternating 
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Fig. 7-18. Electrical voltage regulators are used on all new cars. 
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Fig. 7-19. Current and voltage of alternating current. 


current in your home changes direction 120 times per 
second. It has a frequency of 60 cycles per second (60 
cps). FREQUENCY measured in cycles per second, or 
hertz (Hz), is the number of complete cycles occurring 
per second. If 60 cycles occur in one second, then the 
time period for 1 cycle is 1/60 of a second, or .0166 
seconds. This is the PERIOD of the cycle. Refer again 
to Fig. 7-19. The maximum rise of the waveform shows 
the AMPLITUDE of the wave, including the PEAK 
voltage and current. 

We learned that induced current in a rotating wire 
in a magnetic field flowed first in one direction and 
then in the other direction. This was defined as an alter- 
nating current. Two points to remember are: 

1. The frequency of this cycle of events increases as 
rotation speed increases. 

2. The amplitude of the induced voltage depends on 
the strength of the magnetic field. 
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When solving problems involving alternating cur- 
rents, vectors are used to depict the magnitude and 
direction of a force. A VECTOR is a straight line 
drawn to a scale that represents units of force. An 
arrowhead on the line shows the direction. 

The development of an ac wave is shown in Fig. 7-20. 
This wave is from a single coil armature, represented 
by the rotating vector, making one revolution through 
a magnetic field. Assume that the peak induced voltage 
is 10 volts. Using a scale in which 1 inch equals 5 volts, 
the vector is two inches or 10 volts long. Vectors of 
this nature are assumed to rotate in a counterclockwise 
direction. 

The time base in Fig. 7-20 is a line using any convenient 
scale. It shows the period of one cycle or revolution of 
the vector. The time base is grouped into segments that 
represent the time for certain degrees of rotation dur- 
ing the cycle. For example, at 90 degrees rotation, one- 
quarter of the time period is used. At 270 degrees rota- 
tion, three-quarters of the time period is used. 

The wave is developed by plotting voltage amplitute 
at any instant of revolution against the time segment. 
The developed wave is called a sine wave. The instan- 
taneous induced voltages are proportioned to the sine 
of the angle 0 (theta) that the vector makes with the 
horizontal. (Refer to Appendix for explanation of 
trigonometric functions and tables.) The instantaneous 
voltage may then be found at any point of the cycle 
by making use of the following equation: 


e = EpaSIN 9 
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Fig. 7-20. The development of a sine wave. 
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To apply this equation, assume that an ac generator 
is producing a peak voltage of 100 volts. What is the 
instantaneous voltage at 45 degrees of rotation? 


e = 100 x sin 45° 
100 x .707 = 70.7 V 


e 


A study of the differences between an ac wave and 
a direct current raises a key question. What is the actual 
value of the ac wave? The voltage and current vary con- 
stantly and reach peak value only twice during a cycle. 

Often, the AVERAGE VALUE of the waveis needed. 
This is the mathematical average of all the instantaneous 
values during one half-cycle of the alternating current. 
The formula for computing the average value from the 
peak value (max) of the ac wave is: 


Eag = -637 Emax 


If Eav is known, the conversion to find Emax can be 
made using this equation: 


Emax = 1.57 Eavg 


A more useful alternating current value is found by 
comparing it to the heating effect equivalent to a direct 
current. This is the EFFECTIVE VALUE. Use this for- 
mula to find it: 


Bets = -707 1 


If Eer is known, the conversion to find Emax can be 
made by using this equation: 


Ea = 1.414 Est 


The effective value is also called the rms (root mean 
square) value. It represents the square root of the 
average of all currents squared, between zero and max- 
imum of the wave. The currents are squared so the 
power produced may be compared to direct current. 
Watt’s Law states: P = I?R. Using the .707 factor, the 
value of a direct current may be found which will equal 
the alternating current. For example, a peak ac cur- 
rent of 5 amperes will produce the same heating effect 
in a resistance as a dc current of 3.53 amperes: 


Iet = .707x 5 = 3.53 amps dc 


Note that average and effective values may be 
applied to either voltage or current waves. 


PHASE DISPLACEMENT 


A few wave forms may be drawn on the same time 
base to show the phase relationship between them. In 
Fig. 7-21, E and I show the voltage and current in a 
given circuit. The current and voltage rise and fall at 
the same time. They cross the zero line at the same 
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Fig. 7-21. Current and voltage are in phase. 
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Fig. 7-22. Current and voltage are out of phase. 


point. The current and voltage are IN PHASE. The 
“in phase” condition only exists in the purely resistive 
circuit. This will be discussed later. 

Many times the current will lead or lag the voltage, 
Fig. 7-22. This creates a PHASE DISPLACEMENT 
between the two waves. Displacement is measured 
in degrees. It is equal to the angle 0 between the two 
polar vectors. The waves are OUT OF PHASE. Several 
out of phase currents and voltages may be shown in 
this way. 


ALTERNATING CURRENT GENERATOR 


The ac generator is like the de generator in many 
respects with one key exception. The commutator is 
omitted. The ends of the armature coils are brought 
out to SLIP RINGS. Brushes sliding on the slip rings 
provide connection to the coils at all times. The cur- 
rent in the externally connected circuit is an alternating 
current. 

In large commercial generators, the magnetic field 
is rotated and the armature windings are placed in slots 
in the stationary frame or stator of the generator. This 
method allows for the generation of large currents in 
the armature while avoiding sending these currents 
through moving or siding rings and brushes. 


Generators 
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Fig. 7-23. A typical ac generator (alternator) is shown in external and cutaway views. 


The rotating field is excited through slip rings and 0-1 MA 
CALIBRATE IN RPM 


brushes by an externally connected dc generator. It is 
called the EXCITER. The dc voltage is needed for the 
magnetic field. Commercial power generators are 
turned by water power and steam. 


THE ALTERNATOR 


The ac generator (also called an alternator) is used 
in the charging system of all U.S. cars. Fig. 7-23 shows y 
the inside of the unit, including a built-in voltage 2 
regulator to control output. The output is rectified from 
alternating current to direct current for charging the 
battery and other electrical devices in the car. Manufac- 
turers say the alternator has some advantages over the 
dc generator. These include higher output at lower 
speeds and trouble-free service. 


PRACTICAL GENERATOR APPLICATIONS 


The principle of the generator may be shown in the 
useful and practical rpm meter shown in Fig. 7-24. It 
is simple to construct and provides the chance to design 
a case. A small dc motor, such as those found in toy 
automobiles, is used as the generator. The shaft of the ti, i 
motor is wrapped with friction tape or rubber. This fric- S 
tion wheel is held against a rotating shaft or wheel. 
The generated emf is measured on the 0-10 mA meter. 
This meter may be calibrated to read directly in rpms. 
The switch permits measurements in either clockwise 
or counterclockwise rotation. The “adjust screw” is 
used as a calibrator or range setting control. Fig. 7-24. A simple rpm meter (tachometer). 
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REVIEW QUESTIONS FOR SECTION 7.3 


Electricity and Electronics 


. Define alternating current cycle. 


is the number of cycles per second. 


. What is a vector? 
. 1.75 volts eff = 
. Another name for effective voltage is 


volts max. 


. Explain the terms, in phase and out of phase. 


SUMMARY 


. To produce an induced current flow by magnetism, 


three factors must exist: 

a. There must be a magnetic field. 

b. There must be a conductor (or coil) in 
a closed circuit. 

c. There must be a relative movement 
between the field and the conductor. 


. A generator is a device which converts mechanical 


energy into electrical energy. 


. Lenz’s Law states that the polarity of an induced 


emf is such that it sets up a current, the magnetic 
field of which always opposes the change in the 
existing field. 


. Direct current (dc) is current flowing in a single 


direction in a conductor. Alternating current (ac) 
is current flowing in more than one direction in 
a conductor. 


. Generators have copper losses, eddy currents, and 


hysteresis losses that reduce their efficiency. 


. Generator types include the independently excited 


field, shunt, series, and compound. 


. Regulation of a power source, whether it is a 


generator or a power supply, may be defined as 
the percentage of voltage drop between no-load 
and full-load. 


. A cycle is a complete set of positive and negative 


values for alternating current. 


. Frequency is the number of cycles that occur each 


second. It is measured in hertz. 


. The usable value for ac for doing actual work is 


referred to as the effective or root-mean-square 
value. 


. Formulas for converting the effective value to the 


peak value (and vice versa) are: 

Sep = Uy Bre 

Emax = 1.414 Bort 
Two sine waves are in phase when they are of the 
same frequency and they go through the zero 
points at the same time. 


13. 


Direct current generators have commutators while 
ac alternators have slip rings. 


TEST YOUR KNOWLEDGE, Chapter 7 


Please do not write in the text. Place your answers 


on a separate sheet of paper. 
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. Commutators are used on 


Highest induced voltages are produced at 

degree angles. 

The strength of induced voltage depends on: 

(choose all that apply) 

a. The number of magnetic lines of force 
cut by the coil. 

b. The size of the armature. 

c. The speed at which the conductor moves 
through the field. 


d. None of the above. 


. State the mathematical equation used to find the 


strength of induced voltage in a rotating coil. 
current 
generators. Slip rings are used on cur- 


rent generators. 


. In what two ways can a pulsating current be 


improved? 


. Losses resulting from resistance in the windings 


are classified as losses. 


. An eddy current: 


a. Produces heat. 
b. Flows in the core of an armature 
winding. 


c. Causes a loss of energy. 
d. All of the above. 


. Explain the cause of hysteresis loss. 
. Identify each of the following generator diagrams. 
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10. 


11. 


12. 


13. 


U 


A generator has a no-load voltage of 25 volts. 
When load is applied, terminal voltage drops to 
24 volts. What is the percent of regulation? 

A generated voltage has a peak value of 240 volts. 
What is the instantaneous voltage at 60 degrees? 
What is effective value of the generated voltage 
in Problem 11? 

What is the peak value of the alternating current 
used in your home (117 volts)? 


FOR DISCUSSION 


. Explain how sources of energy can be converted into 


electricity. 


. Why do we need both ac and dc electricity in elec- 


trical and electronic systems? 


. How does a generator differ from an alternator? 
. Why is ac not as efficient as dc? 


GENERAC CORP 


Portable generators bring power to remote worksites. 
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TEKTRONIX 
stems. 


Technicians must know not only how to use instruments, but also how to use the instruments with other electronic sy 
This chapter explains the construction of the instruments and how to connect them properly to test circuits. 
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After studying this chapter, you will be able to: 

E Explain the operation of basic analog meter 
movements. 

E Compute shunt resistor values. 

E Compute multiplier resistor values. 

E Discuss the concept of meter sensitivity. 

E Identify various types of multimeters. 

E Explain the operation of an oscilloscope. 


Electricity and electronics students rely on 
instruments to precisely judge the action and traits of 
a circuit. Skillfu! use of instruments is the mark of a 
good technician. The technician must know what he 
or she is trying to measure and how to measure it. 
Experienced technicians are able to make correct 
measurements. These are valuable in the design of 
electronic equipment, as well as in the detection and 
correction of circuit failures. 


8.1 BASIC ANALOG METER MOVEMENT 


A common type of meter movement measures cur- 
rent and voltage. It is the D’Arsonval or stationary- 
magnet, moving-coil galvanometer, Fig. 8-1. The move- 
ment consists of a permanent-type magnet and a rotating 
coil in the magnetic field. An indicating needle is 
attached to the rotating coil, Fig. 8-2. 

When a current passes through the moving coil, a 
magnetic field is produced. This field reacts with the 
stationary field and causes rotation (deflection) of the 
needle. This deflection force is proportional to the 
strength of the current flowing in the moving coil. The 
moving coil is returned to its “at rest” position by hair 
springs. These springs also connect to the coil. The 
deflecting force rotates the coil against the restraining 
force of these springs. 


Chapter 8 


INSTRUMENTS AND 
MEASUREMENTS 


DAYSTROM, WESTON INSTRUMENTS DIV. 


Fig. 8-1. A phantom view of the D'Arsonval meter movement. 


Fig. 8-2. On the D'Arsonval, the indicating needle is 
attached to a rotating coil of the meter. 
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IMPORTANT: Changing direction of current in the 
moving coil causes deflection of the needle in the 
opposite direction. Be sure that correct polarity of 
voltages and current are observed when connecting a 
meter to a de circuit. 

This simple meter can be improved using a dampen- 
ing device. A dampener prevents the indicating needle 
from overshooting and oscillating when making a 
measurement. To do this, the moving coil is wound 
on an aluminum bobbin. Since the bobbin tends to 
oscillate in the magnetic field, an emf is induced in it 
(Lenz’s Law). As a result, any impulse for the coil to 
oscillate is quickly dampened out. Analog meters have 
a scale marked off in specific increments, or values. 

Meters are costly instruments. They should be used 
with skill and judgment. Precision types have jewel 
bearings like fine watches. The quality of the meter is 
judged by its sensitivity and accuracy. 


AMMETER 


An AMMETER measures current flow in a circuit 
in amperes, milliamperes, or microamperes, depending 
on the scale chosen. 

The moving coil of the meter is wound with many 
turns of fine wire. If a large current is allowed to flow 
in the coil, it will quickly burn out. In order to measure 
larger currents with the basic movement, a SHUNT, 
or alternate path, is supplied. The major amount of 
current will flow through this, leaving only enough cur- 
rent to safely work the moving coil. This shunt is in 
the form of a precision resistor connected in parallel 
with the meter coil. 

The use of shunts is illustrated in Fig. 8-3. Follow 
this problem. The specification of a certain meter move- 
ment requires .001 amps, or one milliampere, for full 
scale deflection of the needle. The ohmic resistance of 
the moving coil is 100 ohms. Compute the shunt resistor 
values so that the meter will measure currents from 0-1 
mA, 0-10 mA, 0-50 mA, and 0-100 mA. Each range 
involves using a different shunt. 

Step 1. Calculate the voltage which, if applied to the 
coil, will cause one milliampere flow of cur- 
rent and full scale deflection of needle. 


E = I x R =.001 x 100 = .1 volt 
where I = amps for fullscale deflection, and 
R = resistance of meter coil. 


The meter will read from 0-1 mA without a 
shunt. 

Step 2. To convert this same meter to read from 0-10 
mA, a shunt must be connected which will 
carry 9/10 of the current, or 9 mA, leaving the 
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one millampere to operate the meter. Since .] 
volt must be applied across the meter, and also 
across the shunt, the shunt resistance must be: 


Rs = 1V 


WON nas = 11.1 ohms 


The meter, with 11.1 ohms shunt, will measure 
from 0-10 mA. 


Step 3. To convert this meter to read from 0-50 mA, 


a shunt must be used which will carry 49/50 
of the current, or 49 mA. The computation is 
the same as in Step 2: 


Rs = IV 


"049 amps = 2.04 ohms 


Step 4. To convert the meter for the 0-100 mA scale, 


a shunt must be used which will carry 99/100 
of the current, or 99 mA. 

J V 
Rs = 09an 1.01 ohms 
The meter with the 1.01 ohms shunt will 
measure currents from 0-100 mA. Look again 
at the circuit in Fig. 8-3. Notice the switching 
device used to change the ranges of the meter.. 
The correct scale on the dial must be used to 
correspond to the selected range. 


IMPORTANT: An ammeter must always be con- 
nected in series with a circuit, never across or parallel 
with it. To make a series connection requires break- 
ing the circuit to connect the meter. A parallel con- 
nection may instantly destroy the meter, Fig. 8-4. 


REVIEW QUESTIONS FOR SECTION 8.1 


. Another name for a stationary-magnet, moving- 
coil meter is the movement. 

. Explain how a moving-coil meter operates. 

. Used to measure current flow in amperes, 
milliamperes, or microamperes: 
a. Ammeter. 
b. Dampener. 
c. Shunt. 


d. None of the above. 
. Compute the value of the shunt in the circuit 
below. 


0-5 AMPS 
+ AT 50 OHMS 
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DC 
MILLIAMPERES 


mm BRE 
COIŁ RESISTANCE = 100 Q 
0-1 mA 


COIL RESISTANCE = 100 9 


METER READS 0-10 mA 
STEP 2 


METER READS 0-50 mA 


STEP 3 


METER READS 0-100 mA 


STEP 4 


Fig. 8-3. Step 1. Left. Sketch of the basic ammeter. Right. The voltage which causes the full scale deflection current is com- 
puted. Step 2. The shunt carries 9/10 of the current. Step 3. The shunt carries 49/50 of the current. Step 4. The shunt carries 
99/100 of the current. 
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WRONG IN SHUNT 


LOAD 


RIGHT IN SERIES 


Fig. 8-4. Connecting an ammeter. Top. Incorrect. Bottom. 
Correct. 


8.2 VOLTMETER 


The same basic movement used for the ammeter may 
also be used to measure voltage, providing the 
impressed voltage across the coil never exceeds .1 volt 
as computed for full scale deflection. To arrange the 
meter to measure higher voltages, MULTIPLIER 
RESISTORS are switched in series with the meter 
movement. 

Using the same meter as used for the ammeter, refer 
to Fig. 8-5. Follow the steps as the multipliers are com- 
puted so that the meter will measure voltages from 
0-1 V, 0-10 V, 0-100 V, and 0-500 V. 


Step 1. Remember that no more than .1 volt is allowed 
across the meter coil at any time. Therefore, 
a resistor must be placed in series with the 
meter that will cause a voltage drop of .9 V, 
if the meter is used to measure one volt. Also, 
the meter only allows .001 amperes for full 
scale deflection. This is the highest current 
allowed in the circuit. The multiplier resistor 
must produce a .9 volts drop when .001 
amperes flow through it. 


Step 2. To convert to the 0-10 volt range, a resistor 


must be selected to produce a 9.9 volt drop. 


9.9 V 


Ru = .001 amps 


= 9900 ohms 


R = 1000 


| | 
A O iv 
METER READS 0-1 VOLT 
STEP 1 
0-.1V 
METER 
Rm = 9900 Q 


STEP 2 


Rm = 99,900 Q 


==- == 99.9V 
METER READS 0-100 VOLTS 


STEP 3 


Rm = 499,900 Q 


La O eee 
METER READS 0-500 V 


STEP 4 


0-10 
¡o 


0-500 
O 0-100 


Fig. 8-5. Step 1. The multiplier causes an IR drop of .9 V. Step 

2. The multiplier causes an IR drop of 9.9 V. Step 3. The 

multiplier causes an IR drop of 99.9 V. Step 4. The multiplier 

causes an IR drop of 499.9 V. Step 5. A switch selects the 
range. 
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Step 3. To convert to the 0-100 volt range, a resistor 
must be selected to produce a 99.9 volt drop. 


eee OV 

~ .001 amps 

Step 4. Finally, to use the 0-500 volt range, the resistor 
must cause a 499.9 volt drop. 


R — 499.9 V 
M — .001 amps 


Rm = 99,900 ohms 


= 499,900 ohms 


Again, a switching device is used to select the 
correct multiplier resistor for the range in use. 
Read the scale on the dial which corresponds 
to the range selected. 


IMPORTANT: A voltmeter is always connected in 
parallel or across the circuit, never in series. To measure 
voltage, the circuit does not have to be broken. See 
Fig. 8-6. Added precautions: when measuring an 
unknown voltage, always start with the meter on its 
highest range and adjust downward to the proper range 
to avoid damaging the meter. Be sure that the leads 
are connected with the correct polarity when measur- 
ing dc. BLACK is negative, RED is positive. 


VOLTMETER SENSITIVITY 


The sensitivity of a meter is a sign of quality. OHMS- 
PER-VOLT is the unit for measuring sensitivity. In 
Step 4 of the previous example, the total resistance of 
the meter and its multiplier resistance is: 


499,900 ohms in Rm 
+ 100 ohms meter resistance 
500,000 ohms total resistance 


This amount of resistance is used in the 500 volt range 
which is equivalent to: 
500,000 ohms 


500 V or 1000 ohms per volt. 


By Ohm’s Law, I = E/R, and the reciprocal of I 
is R/E, which is the same as sensitivity. 


Therefore, sensitivity is equal to the reciprocal of the 
current required for full scale deflection. For the meter 
used in the above example: 


Sensitivity = 2 or = or 1000 ohms/volt 


This is an easy method of gauging sensitivity. 

A quality meter will have a sensitivity of 20,000 
ohms/volt. Precision laboratory meters go as high as 
200,000 ohms/volt. Accuracy of the meter is commonly 
expressed as a percentage, such as 1 percent. The true 
value will be within one percent of the scale reading. 
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WRONG IN SERIES 


RIGHT IN SHUNT OR PARALLEL 


Fig. 8-6. Connecting a voltmeter. Top. Incorrect. Bottom. 
Correct. 


OHMMETERS 


A meter used to measure the value of an unknown 
resistance is called an OHMMETER. The same meter 
movement as used for the voltmeter and ammeter may 
be used for this purpose. A voltage- sgurce and a 
variable resistor are added to the circuit. The series type 
ohmmeter is shown in Fig. 8-7. 

A three-volt battery is used as source, and is built 
into the meter case. The meter movement permits only 
.1 volt for a current of .001 amps for full scale deflec- 
tion. Therefore, a multiplier resistor is placed in series 
with the meter to drop the voltage: 


29 V 


= 7001 amps = 2900 ohms 


Ru 

This resistance plus the meter resistance is equal to 
3000 ohms. Part of this resistance is made variable to 
make up for changes in battery voltage due to aging. 
To use the meter, short the test terminals. This is 
equal to zero resistance and the meter deflects from 
left to right. The needle is adjusted to zero by the 
variable resistor marked, “OHMS ADJUST.” An 


OHMS 
ADJUST 


Fig. 8-7. Schematic diagram of a series ohmmeter. 


Electricity and Electronics 


OHMS 
ADJUST 


3 VOLTS 


Fig. 8-8. Shunt ohmmeter. 


unknown resistor, Rx, is now placed between the test 
terminals. The needle will deflect less than full scale 
depending upon the resistance value. The scale reads 
directly in ohms. Other ranges may note that the scale 
value should be multiplied by 10, by 1000, or by 
100,000. 

It is interesting to note that with this circuit, the meter 
scale reads right to left, which is opposite to the 
voltmeter or ammeter scale. 

A shunt ohmmeter may be connected as in Fig. 8-8. 
In this circuit, the unknown resistance Rx is shunted 
across the meter. Low values of Rx cause lower cur- 
rents through the meter. High values of Rx cause 
higher meter currents. Arranged in this way, the 
indicating needle deflects from right to left in the nor- 
mal manner. Zero resistance is on the left. The scale 
increases from left to right. 


REVIEW QUESTIONS FOR SECTION 8.2 


. Voltmeters are connected in _______ ina 
circuit. 

. The black lead of a meter has 
the red lead has polarity. 

. What is the unit for measuring sensitivity of a 
meter? 

JA_______ ohmmeter has zero resistance on 


polarity; 


the right side of the meter face. 
. Find the value of the multiplier resistor (Ry) in 
the following circuit. It should read 50 volts 


across points A to B. 
0-20 V 
@ 200 2 ® 


8.3 MULTIMETER 


Multimeters, used by technicians, commonly include 
voltmeters, ammeters, and ohmmeters in one case, Fig. 
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Fig. 8-9. Analog volt-ohm-milliammeter. 


8-9. Ample switching is supplied to change function 
and range of the meter. 

IMPORTANT: Before using the ohmmeter to test 
a circuit, be sure that the power is turned off on the 
equipment under test. Pull the plug, to be sure. Also 
discharge all electrolytic capacitors by shorting ter- 
minals to ground with an insulated screwdriver. 
Multimeters are expensive. Carelessness will ruin them. 


THE VOLT-OHM MILLIAMMETER (VOM) 


A simple multimeter to use in electronic circuits is 
the volt-ohm milliammeter (VOM). It consists of a cir- 
cuit that has a meter, a power source, a variable resistor 
(for zeroing the meter), and a load. There are two basic 
types of VOMs: the series and the shunt. Fig. 8-10 
shows a series VOM, Fig. 8-11 shows a shunt type 
VOM. A commercial VOM is shown in Fig. 8-12. 

Volt-ohm-milliammeters have the advantage of being 
portable and low in cost. They do, however, have a 
low input resistance (in ohms per volt) on the lowest 
voltage range. This can cause accuracy problems. 

When the field-effect transistor was developed, the 
VOM was redesigned to overcome the low input 
impedance problem. The FIELD EFFECT TRAN- 
SISTOR-VOM (FET-VOM) measures ac and dc 
voltage, ac and dc current, resistance, and decibel 
ratings. Fig. 8-13 shows a commercial FET-VOM. 
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50 Q RESISTANCE 4000 Q 
METER 


| > UNKNOWN 1000 2 
RESISTOR 


Fig. 8-10. A series VOM. 


0-1 mA 
50 Q RESISTANCE = 
i METER l i TRIPLETT CORP. 
Fig. 8-13. Field effect transistor, volt-ohm-meter. 


4000 Q 


UNKNOWN RESISTOR 


10009 


BECKMAN INDUSTRIAL CORP. 
Fig. 8-14. A miniature DVM used for portable work. 


DIGITAL METERS 


Digital multimeters (DVM) are very popular in the 
electronics field. These meters precisely measure ac and 
de current, ac and dc voltage, and resistance. Many 
are portable. Some, however, operate from ac line 
voltage. 

The digital multimeter can provide instant visual 
display of unknown circuit values. The cost of these 
multimeters has decreased since their appearance in the 
test instrument market. Figs. 8-14 and 8-15 show typical 
Fig. 8-12. Volt-ohm-meter. digital multimeters. 
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JOHN FLUKE MFG. CO 

Fig. 8-15. Certain digital meters use accessories, such as the 

current clamp. Dangerous currents can be measured accurately 
and safely without breaking the circuit under test. 


Digital multimeter used for hand-held testing is 
shown in Fig. 8-16. They are self-contained and 
portable. 


Liquid crystal displays 

The liquid crystal display (LCD) is one way of show- 
ing circuit conditions of digital instruments. Liquid 
crystal displays are used in clocks, multimeters, timers, 
surveying equipment, and medical equipment. LCDs 
often last for more than 50,000 hours. Fig. 8-17 shows 
a four digit LCD unit. 


Light emitting diodes 

Many instruments use light emitting diodes (LEDs) 
for display. Fig. 8-18 shows common LED displays. 
These have low operating voltages (5 volts) and come 
in a number of display colors such as green, yellow, 
and red. 

One LED programmable display is shown in Fig. 
8-19. It is used with computers and microcomputers 
having read/write memories. 


118 


BECKMAN INDUSTRIAL CORP. 
Fig. 8-16. Hand-held digital meter. 


a LIQUID XTAL DISPLAYS INC. 
Fig. 8-17. A liquid crystal display chip. 


SIEMENS 


Fig. 8-18. Various LED displays. 
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Fig. 8-19. Programmable LED display. 


REVIEW QUESTIONS FOR SECTION 8.3 


1. A VOM: 

a. Has a meter, power source, 
resistor, and a load. 
Comes in series or shunt types. 
Is portable and inexpensive. 
All of the above. 


variable 


b. 
C. 
d. 
A 


VOM measures ac and dc voltage, 
ac and dc current, resistance, and decibel 
ratings. 

. What is the basic difference between a digital 
and an analog display? 

. What are some of the uses of liquid crystal 
displays? 


8.4 OTHER METERS 
WHEATSTONE BRIDGE 


Many types of bridge circuits are used in electrical 
measurements. One type is the WHEATSTONE 
BRIDGE. It is used to measure unknown resistance. 
Fig. 8-20 is the schematic diagram. 

Ry, Ra, and R; are precision variable resistors. Ry 
is the unknown. When voltage is applied to the circuit, 
current will flow through the branch R;R2 and parallel 
branch R¿Rx. Each resistor will cause a voltage drop. 
The bridge is balanced by placing a meter between 
points A and B, and adjusting the variable resistors 
until the meter reads zero. The balanced status shows 
that: 


= iby, 


and 


Fig. 8-20. the Wheatstone bridge circuit. 


POINTER 


L 


(5) ———— SPRING 


FIXED VANE 


COIL 


Fig. 8-21. Operating principle of the iron vane meter 
movement. 


Since voltage is proportional to resistance, 


Ri he Ri R2 x R; 

R, Ry R; 
The values of the precision variable resistors are shown 
on an accurately calibrated dial. 


and Rx 


IRON VANE METER MOVEMENT 


The operation principle of the iron vane meter move- 


- ment is shown in Fig. 8-21. 


Two pieces of iron are placed in the hollow core of 
a solenoid, they both become magnetized with the same 
polarity, when a current passes through the solenoid. 
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Fig. 8-22. Phantom view of a concentric type iron vane meter 
movement. 


Because like poles repel each other, the two pieces of 
metal are repelled. One piece of metal is fixed and the 
other pivoted. The pivoted piece can turn away 
from the fixed metal. An indicating needle is attached 
to the moving vane. This also has hair springs so that 
the vane must move against the spring tension for good 
readings. 

An applied voltage causes current to flow in the 
solenoid and creates the magnetic field. The moving 
vane is repelled against the spring according to the 
strength of the magnetic field. The needle may show 
either voltage or current. It is calibrated for the 
magnitude (average size) of the applied voltage or 
current. 

When the iron vane movement is used for a 
voltmeter, the solenoid is commonly wound with many 
turns of fine wire. Proper multiplier resistances may 
be used to increase the range of the meter. Range 
switches are used. 


When used as an ammeter, the solenoid has a few 
turns of heavy wire. This is because the coil must be 
connected in series with the circuit and carry the cir- 
cuit current. 

Regardless of the polarity of the applied voltage or 
current, the iron vane meter movement always deflects 
in the same direction. (Two north poles repel as well 
as two south poles.) Either ac or dc may be measured 
with this instrument. Generally, this type of meter is 
best for high power circuit measurements. A phantom 
view of interior construction of the concentric type iron 
vane meter is shown in Fig. 8-22. 


THE WATTMETER 


Power in an electric circuit is equal to the product 
of the voltage and the current. To devise a meter that 
can read in watts, a movement similar to the D’Arson- 
val movement can be used. The permanent magnetic 
field, however, is replaced with coils from an elec- 
tromagnet. This type of meter is referred to as an elec- 
trodynamometer movement. 

A circuit diagram of a simple electrodynamometer 
movement is shown in Fig. 8-23. It is a wattmeter. A 
moving coil, with the proper multiplier resistance, is 
connected across the voltage in the circuit. The coils 
of the electromagnet are connected in series with the 
circuit under measurement. The action between the two 


Fig. 8-23. Diagram of a wattmeter. 
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fields is proportional to the product of the voltage and 
the current. Deflection of the indicating needle is read 
on a calibrated scale in watts. A commercial meter 
movement is shown in Fig. 8-24. 

A wattmeter measures the instantaneous power used 
in a circuit. A watt-hour meter measures the amount 
of power used in a given time. It is installed by a power 
company on the outside of a home. As a watt-hour 
is a small unit, standard meters read in kilowatt-hours 
or 1000 watt-hours (kWh). Electric power consumed 
is paid for at current rates per kWh. 

The watt-hour meter is a complicated type of induc- 
tion motor. It uses field coils in series with the line cur- 
rent and also field coils connected across the line 
voltage. An aluminum disc rotates within these fields, 
at a rate proportional to the power consumed. The disc 
is geared to an indicating dial. The dial shows the 
amount of power used. 

To read the watt-hour meter, see Fig. 8-25. Dial A, 
on the right, reads from 0-10 units of kilowatt hours. 
For each revolution of dial A, dial B reads one. For 
each revolution of dial B, dial C reads one. For each 
revolution of dial C, dial D reads one. Mathematical- 
ly, dial A reads in units of one; dial B reads in units of 


ten; dial C reads in units of one hundred; dial D reads - 


in units of one thousand. 
To read the meter illustrated in Fig. 8-25: 

Dial A points to 5. 

Dial B points between 5 and 6. 

Dial C points between 2 and 3. 

Dial D points between 4 and 5. 
Therefore, the correct reading would be 4255 kWh. 
Notice that when the indicating arrow is between 
numbers, the lower number or the number just passed 
should be used. 
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Fig. 8-24. Phantom view of the electrodynamometer move- 
ment used in a watimeter. 


To practice reading meters, why not read the meter 
at your home each day for several days and compute 
the power used? The power consumed may be found 
by subtracting the previous reading from the present 
reading to obtain the difference. 


AC METERS 


Typical dc meter movement, such as the D’Arsonval 
movement, may also be used to measure alternating 
currents and voltages with certain changes in the circuit. 

Recall that the dc meter must always be connected 
with the correct polarity. Incorrect polarity will cause 
a reversal of current through the moving coil. This 
would cause deflection to the left below zero and 
possibly damage the meter. If an ac voltage were con- 
nected to the meter, the repeated changes in direction 
of the current would cause the needle to vibrate at zero. 

In order to measure this ac voltage, a rectifier must 
be used. Detailed discussion of rectifiers will be 
included in Chapter 15. For now, however, a REC- 
TIFIER may be described as a device which permits 
current to flow in only one direction. When used in 
a meter, the rectifier allows one half-cycle of the ac 
current to pass. But it cuts off the current when it 
reverses itself in the second half-cyele: A simple 
voltmeter circuit with a rectifier is shown in Fig. 8-26. 


Fig. 8-25. The dials of the watt-hour meter. 


AC 
VOLTS 


Fig. 8-26. Basic circuit for ac meter, using a single rectifier. 
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Notice the symbol used for the rectifier. Its output 
is a pulsating direct current. It will cause the meter to 
deflect in one direction only. An improved circuit, 
which serves the same purpose, is the full wave bridge 
rectifier, Fig. 8-27. By using four rectifiers, both half 
cycles of an ac current may be applied to the meter. 

When ac voltage is applied to terminals AB, and A 
is positive, electron flow is from B to 1 to 2 to 3 to 
4 to A. When B is positive, electron flow is from A 
to 4to 2 to 3 to 1 to B. Notice that, regardless of the 
polarity of the ac voltage, the current flow from point 
2 to 3 through the meter is always in the same direc- 
tion. The deflection of the meter needle usually is 
calibrated to show effective or rms voltage. Effective 
value of an ac voltage is equal to .707 times peak value. 
This is the most useful ac voltage value to measure. 


LOADING A CIRCUIT 


When a voltmeter is connected across a circuit to 
measure a potential difference, it is in parallel with the 
load in the circuit. This may introduce errors in voltage 
measurement. This is very common when a meter with 
a low sensitivity is used. 

In Fig. 8-28, two 10,000 ohm resistors form a voltage 
divider across a ten volt source. The voltage drops 
across both R, and R: is 5 volts. If a meter with a sen- 
sitivity of 1000 ohms/volt on the ten volt range is used 
to measure the voltage across Ri, the meter resistance 
will be in parallel with R,. The combined resistance 
will be equal to: 


10,000 Q 


5) = 5000 Q 


2 


AC 
VOLTS 


Fig. 8-27. A bridge rectifier circuit for an ac meter. 


With the meter connected, the total circuit resistance 
becomes: 


10,000 Q + 5000 Q = 15,000 Q 


The current is .00066 amps. 

By Ohm’s Law, Ep, = 3.4 Vand Ep, = 6.6 V. The 
meter has caused an error of more than one volt due 
to its shunting effect. To avoid an excess of errors 
resulting from this, a more sensitive meter should be 


used. 
In Fig. 8-29, a 5000 ohms/volt meter is used. The 


combined resistance of meter and R, equals 8333 ohms. 
The total circuit resistance equals 18,300 ohms. By 
Ohm’s Law, I = .00054 amps, Er, = 4.6 volts, and 
Er, = 5.4 volts. An error of .4 volts still exists, but 
the increased sensitivity of the meter has reduced this 
error. More costly meters with a sensitivity of 20,000 
ohms/volt would reduce the error to an amount that 
is barely noticed. 


Fig. 8-28. The meter loads the circuit and introduces an error 
in the voltage reading. 


Fig. 8-29. A sensitive meter gives accurate readings. 
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HOW TO USE A METER 


1. A meter is a delicate instrument. Handle it with care 
and respect. Jarring, pounding, dropping, and 
otherwise rough treatment may destroy a valuable 
meter. 

2. When measuring voltage, the meter must be con- 
nected across the circuit (in parallel or shunt). Start 
on the HIGHEST range when measuring an 
unknown voltage and move to lower range for 
increased accuracy. Observe correct polarity! RED 
or positive lead to the POSITIVE side of the cir- 
cuit. BLACK or negative lead to the negative or 
grounded side of the circuit. 

3. A meter has its greatest accuracy at about two-thirds 
deflection on the scale. Use the range which gives 
as close to this deflection as possible. 

4. When measuring current, the meter must be con- 
nected in SERIES with the circuit. A wire must be 
disconnected or unsoldered to insert the meter. It 
is wise to make a rough current calculation by 
Ohm's Law to determine proper current range on 
the meter. Observe correct polarity. Red or positive 
to positive side of circuit and black to negative side. 

5. When measuring resistance, be certain that no power 
is applied to the circuit and that capacitors are 
discharged. It is not necessary to observe polarity. 
Always zero and adjust meter on proper range 
before measurements are made. A closed circuit has 
zero resistance. An open circuit has infinite 
resistance. On all meter measurements, make a 
“flash check” before permanently connecting the 
meter in the circuit. What does this mean? Make 
your decision on how the meter should be connected 
in the circuit but leave one meter lead disconnected. 
Quickly touch and remove this unconnected meter 
lead, while observing the meter. Does the needle 
move in the wrong direction? Change polarity. Does 
the needle move too violently? Change to a higher 
range. The flash check will save you many dollars 
in meter repairs and wasted time. 

6. High voltages are often measured in electronic cir- 
cuits. Make sure your meter connections do not 
short or touch other parts of the circuit. Use a well- 
insulated test prod to reach blocked test points in 
the circuit. 


THE OSCILLOSCOPE 


The oscilloscope permits observation of waveforms 
in an electronic circuit. It is a priceless service instru- 
ment. A detailed description of the oscilloscope is 
beyond the scope of this text. However, students should 
know basic principles and operating controls. 
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Waveforms are displayed on a cathode ray tube 
(CRT) in a fashion similar to your television. An elec- 
tron beam from a gun in the CRT sweeps from left 
to right using saw-tooth voltages produced by the sweep 
oscillator. This produces a single line (usually 
green) on the face of the tube. If an ac voltage is ap- 
plied to the vertical deflection circuit, then a wave is 
produced on the CRT. This wave represents the instan- 
taneous voltage during the cycles of the ac input. 

The horizontal sweep oscillator can be adjusted 
through a wide range of frequencies. Assume that it 
is adjusted at 60 Hz. It is then producing 60 straight 
lines per second across the face of the CRT. The time 
for one sweep would be 1/60 of a second. 

Now, a 60 Hz ac voltage is applied to the vertical 
input terminals. This wave starts at zero, rises to max- 
imum positive and returns to zero. It then decreases 
to maximum negative and returns to zero. This all oc- 
curs during one cycle. The period of this cycle is 1/60 
of a second. Therefore, the horizontal sweep and the 
input signal voltage are synchronized. One wave ap- 
pears on the screen. If the horizontal sweep were set 
at 30 Hz, which is only one half as fast as the 60 Hz 
input signal, then two complete waves would appear 
on the screen. The horizontal frequency may be ad- 
justed so that the wave forms appear STATIONARY 
(not moving). 


Oscilloscope familiarization 
The function of the basic oscilloscope controls will 
be described, using Figs. 8-30 and 8-31. 
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TEKTRONIX 
Fig. 8-30. Four channel oscilloscope. 
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Fig. 8-31. 


INTENSITY: Controls the brightness of the trace on 
the screen. It is combined with the on-off switch. 

FOCUS: Used to adjust the electron beam in order to 
make a sharp trace on the screen. 

V-CENTERING: Moving the trace up or down, such 
as to locate it in the center on the screen. 

H-CENTERING: Moving the beam right or left to 
center the wave pattern on the screen. 

BAND RESPONSE SWITCH: Provides either a wide 
or narrow band response. 

V-POLARITY: Used to invert a pattern. 

SWEEP VERNIER: Fine frequency adjustment for 
horizontal sweep oscillator. 

H-GAIN: Increases the length of pattern by expanding 
it horizontally. 

V-RANGE: Selects the voltage range for measurement. 

V-CAL: Makes calibration adjustments so that peak 
voltages may be read directly on the scope. Sets 
waveform peaks to the required height. 

SWEEP: Selects the range of frequencies for the sweep 
oscillator. 

SYNC: Switch for either internal or external syn- 
chronization pulses. These pulses are used to lock 
input signal and horizontal sweep for a stationary 
pattern. 

V-INPUT: Terminal for input to vertical response 
circuits. 

GND: Grouna. 

Z-AXIS: Terminal used to modulate the intensity of 
the trace. 

PHASE: Used with “line sync” so that sweep oscillator 
will be synchronized correctly. 

SYNC TERMINAL: Terminal to which an external 
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Multiple-use oscilloscope showing a number of waveforms. 


sync pulse may be applied. 

H-INPUT: Switch used to change the horizontal sweep 
from the selective internal oscillator, to 60 Hz line, 
or to an external oscillator. 

CALIBRATION SCALE: Plastic scale which fits over 
the face of the CRT. The instrument is calibrated 
so that these scales may be used for direct 
measurements of the peak value of waveforms. 
Always refer to the instruction manual of the 

oscilloscope which you are using for explanations of 

specific controls. 


REVIEW QUESTIONS FOR SECTION 8.4 


1. What is the purpose of a Wheatstone bridge? 
2. A wattmeter measures both and 
in a Circuit to give watts. 
3. In the dials of the wattmeter shown below, draw 
arrows on each dial to show a total reading of 
2837 kilowatt hours. 


4. A 

direction. 
5. Give four rules to follow when using a meter. 
6. The display for an oscilloscope is a 


permits current to flow in only one 


7. What can the oscilloscope do that a VOM 
cannot? 
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SUMMARY 


. The basic meter movement used for many 


instruments is the moving-coil galvanometer, or 
the D’Arsonval movement. 


. Analog meters use a scale with continuous variable 


values. Digital meters give values in discrete 
amounts in units 0 through 9. 


. It is vital to observe correct polarity in the use of 


analog meters. 


. Ammeters measure current and are connected in 


series in the circuit. Shunts are resistors connected 
in parallel with ammeters to increase the range of 
the meter. 


. Voltmeters measure voltage and are connected in 


parallel in the circuit. Multiplier resistors are con- 
nected in series with voltmeters to increase the 
range of the meter. 


. The sensitivity of a meter is an indication of its 


quality. Sensitivity is measured in an ohms-per-volt 
rating. 


. There are two basic types of ohmmeter circuits: 


series and shunt. Use depends on how the unknown 
resistor is placed in the circuit to be measured. 


. A multimeter is one instrument that will measure 


a number of values such as current, voltage, and 
resistance. 


. Digital meters (DVM) have several advantages: 


they are rugged, small, accurate, and portable. 


. Liquid crystal (LCD) displays are used in many 


test instruments. 


. The Wheatstone bridge is used to obtain accurate 


measurements. 


. A wattmeter measures electrical power consumed 


in wattage. 


. AC meters use rectifiers to convert ac to de in order 


that a regular dc meter can be used. 


. Oscilloscopes use waveforms to show what is hap- 


pening in a circuit. 


TEST YOUR KNOWLEDGE, Chapter 8 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 


1. 


2. 
Bi. 


The D’Arsonval movement measures 

and 

What is the purpose of a dampener? 

A is an alternate path, supplied for 
measuring large currents. l 

A meter movement has a moving coil resistance 
of 50 ohms and requires .001 amperes for full scale 
deflection. Compute the shunt values for the meter 
to read in the following ranges: 
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10. 


a. 0-1 mA. 

b. 0-10 mA. 

c. 0-50 mA. 

Compute the multipliers for the meter in Question 
4 to use on the following ranges: 

a. 0-1 volts. 

b. 01-10 volts. 

c. 0-100 volts. 


. A meter used to measure the value of an unknown 


resistance is called a(n): 
a. Multimeter. 

b. Ohmmeter. 

c. Multiplier resistor. 
d. None of.the above. 


. Make a sketch of the series ohmmeter circuit. 
. The Wheatstone bridge is used to measure an 


unknown resistance. Solve for the unknown 
resistance when the following values will balance 


the bridge: 
R, = 500 ohms, R: = 100 ohms, R; = 300 ohms, 
Rx = ? 


What is the major difference between an iron vane 
ammeter and an iron vane voltmeter? 

The permits observation of waveforms 
in an electronic circuit. ; 


s 


MATCHING QUESTIONS: Match each of the follow- 
ing terms with their correct definitions. 


11. 
12. 


13. 


14. 


15. 


16. 


a. V-cal. d. H-gain. 
b. Sync. e. GND. 

c. Focus. f. Phase. 
Ground. 


Makes calibration adjustments so peak voltages 
may be read directly on scope. 

Adjusts electron beam to make sharp trace on 
screen. 

Use with line syne for synchronization of sweep 
oscillator. 

Increases length of pattern by expanding it 
horizontally. 

Switch for internal or external synchronization 
pulses. 


FOR DISCUSSION 


. Discuss the safety rules and precautions to follow 


when working with meters. 


. Why is a rectifier necessary in measuring an ac 


current or voltage? 

What is meant by “loading a circuit” with a meter? 
How can electronic circuitry be used to test human 
hearing? 


. Who was Alexander Graham Bell? 


Part Il Summary 


APPLIED ELECTRICITY 


IMPORTANT POINTS 


. Magnetism is the source most used for producing 
electricity. 

. Magnets have two different poles: north and south. 
Like poles repel and unlike poles attract each other. 
. Flux lines exist around magnetized materials. These 
lines represent the magnet’s field of force. 

. The stronger the magnet, the stronger the flux 
density. 

. The ability of a material to conduct magnetic lines 
of force is permeability. The opposition to this is 
called reluctance. 

. Electromagnets are produced by a current flow- 
ing through a coil. Their field strength can be 
increased and decreased by varying the current. 
Electromagnets can also be turned on and off. 

. A generator converts mechanical energy to elec- 
trical energy. 

. Lenz’s Law states that the induced voltage in any 
circuit is always in such a direction to oppose the 
effect that produces it. This is sometimes called 
electrical inertia. 
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13. 


14. 


15; 


16. 


17. 


. Generators are generally very efficient. However, 


they have some inefficiency in the form of copper 
losses, hysteresis losses, and eddy currents. 


. Generators can produce ac or dc by the use of 


either slip rings or commutators on the armature. 


. The usable value for an ac sine wave is the effec- 


tive value or root mean square (RMS) value. 


. Sine waves can be either in phase or out of phase, 


depending on the types and values of components 
in the circuit. 

Instruments are used to give exact measurement 
of specific values in a circuit. 

Ammeters are used in series to measure current. 
Voltmeters are connected in parallel and measure 
voltage. 

Ohmmeters have their own power source and 
measure resistance. 

Analog and digital meters are used as basic 
measurement devices in circuits. 

An oscilloscope is a test instrument. It uses a 
cathode ray tube (CRT) which permits observa- 
tion of the frequency and amplitude of waveforms. 
Frequency ranges up to 100 MHz are used. 


SUMMARY QUESTIONS 6. Find the value of the shunt (Rs) in the circuit 


shown. 
= 0-10 mA 
1. 1200 Ver —— “me @ 400 9 INTERNAL 
Da 3) a Veft, RESISTANCE 


3. Draw waveforms showing current that lags voltage 
by 90 degrees. 

4. 88 megahertz = — hertz. 

5. Find the value of the multiplier resistor (Rx) in 
the circuit shown. 


0-10 V 
o —Y) 
150 Q 
INTERNAL 


RESISTANCE 
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Electricity and Electronics 


Transformers in the bodies of computers convert 110 Vac into a voltage the computer can use. 


What a useful tool is magnetism! Earlier you learned some ways it reacts with electricity. For instance, it allows 
you to generate electricity. Now you will learn how it transfers electrical energy from one circuit to another. 
Or it can be used to change voltage as well. 
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After studying this chapter, you will be able to: 

mM Define the terms inductor and inductance. 

E Explain how inductance affects a current. 

I Discuss the relationship between mutual inductance 
and transformers. 

E Outline the operation of transformers. 

E Describe the effect of inductance in ac circuits. 

M Use various measuring and computing methods to 
determine the values of currents and voltages in 
inductive circuits. 


The study of electricity and electronics revolves 
around inductance, capacitance, resistance, and com- 
binations of these in series and parallel circuits. 
Resistance in a circuit was studied in Chapter 2. This 
chapter will help you answer these questions: 

1. What is an inductor and inductance? 
2. What is the effect of inductance in a circuit? 
3. What methods are used to measure and compute 
values of current and voltage in an inductive circuit? 
9.1 INDUCTANCE 

INDUCTANCE may be defined as the property in 
an electric circuit which resists a change in current. This 
resistance to a change of current is the result of the 
energy stored within the magnetic field of a coil. A coil 
of wire will have inductance. 

Again, set up the experiment in Chapter 7, Fig. 7-1, 
using the hollow coil A connected to a galvanometer. 
Move the permanent magnet in and out of the coil, 
and notice the deflection of the needle in the meter. 
When the magnet moves in, current will flow in one 
direction. The current will reverse direction when the 
magnet is withdrawn. No current will flow unless the 
magnet is moved. 


Chapter 9 


INDUCTANCE 
AND RL CIRCUITS 


UNITED TRANSFORMER CORP. 
Fig. 9-1. This choke is used in the filter section of a power 
supply. 


This is the same principle explained in Chapter 7, 
on the theory of generators. By moving the magnet, 
a voltage is induced in the coil which causes current 
to show on the meter. There is a distinct link between 
magnet movement and current flow direction. This is 
an application of LENZ’S LAW: The field created by 
induced current is of such a polarity that it opposes 
the field of the permanent magnet. 

A coil connected to a source of direct current will 
build up a magnetic field when the circuit is closed. 
The expanding magnetic field cutting across the coil 


` windings will induce a counter emf or voltage. This will 
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oppose the source voltage and oppose the rise in cur- 
rent. When the current reaches its maximum value and 


Electricity and Electronics 


there is no further change, there is no longer an induced 
counter emf. The current is then only limited by the 
ohmic resistance of the wire. However, if the source 
voltage is disconnected, the current tends to fall to zero. 
But the collapsing magnetic field again induces a 
counter emf, which retards the reduction of current. 

The inductance of the coil resists any change in cur- 
rent value. The symbol for inductance is L. Inductance 
is measured in a unit called a HENRY (H). A henry 
represents the inductance of a coil if one volt of induced 
emf is produced when the current is changing at the 
rate of one ampere per second. This may be expressed 
mathematically as, 


Al 
E = Lit 


J.W. MILLER CO. 
Fig. 9-2. Radio frequency (RF) chokes. 


E equals the induced voltage, L equals the inductance 
in henrys, Al equals the change of current in amperes, 
and At equals the change of time in seconds. The 
symbol A means a “change in.” 

The strength of an induced voltage depends upon 
the strength of the field. It follows then that a stronger 
magnetic field would produce higher induced voltage. 
The magnetic field may be strengthened by inserting 
a core in the coil. An iron core has higher permeability 
than air and concentrates the lines of force. This was 
explained in the study of magnetism. 

Large inductors are most often wound on laminated 
iron cores. Their inductance is measured in henrys. 
Smaller inductors, used at higher frequencies, may have 
powdered iron or air cores. They have inductance 
measured in millihenrys, (1/1000 of a henry) and 
microhenrys, (1/1,000,000 of a henry). An inductor 
used in a power supply called a choke is shown in Fig. 
9-1. Radio frequency chokes using air cores are shown 
in Fig. 9-2. 

A changing current through an inductor produces 
an expanding or collapsing magnetic field cutting across 
the wires of the coil. A counter emf is induced which 
opposes the change of current. This is called SELF- 
INDUCTION. The strength of the self-induction 
depends on the number of turns of wire in the coil, 
the link between the length of the coil and its diameter, 
and the permeability of the core. 

This effect may be observed by setting up the 
experiment in Fig. 9-3. First, connect the light directly 


Fig. 9-3. Use an electrodemonstrator to observe self-induction of a coil. Experiment with different sizes and types of cores. 
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to the 6 V power source. Note that as the switch is 
closed, the light will burn at full brilliance instantly. 
Connect coil F in series with the light and close the 
switch. There will be a slight delay in approaching full 
brilliance. This is due to the inductance of the coil. Turn 
the light off and insert the iron core in the coil. Once 
again close the switch. The light comes to brilliance 
rather slowly and not to full brilliance. Why does the 
core increase the delay in brilliance? 

Repeat the above experiment, using coil D. Self- 
inductance is increased in this coil by the number of 
turns of fine wire in the coil. Move the core in and out 
of the coil. Note the change in brilliance due to the 
change in self-inductance. This is used to dim 
houselights in theaters. 


TRANSIENT RESPONSES 


The response of the current and voltage in a circuit 
after an instant change in applied voltage is known as 
a TRANSIENT RESPONSE. 

Refer to the diagram in Fig. 9-4. A coil is connected 
to a dc voltage source. When the switch is closed, the 
current will build up gradually. This is due to the self- 
induction of the coil and the internal resistance of the 


1 

| CURRENT | STEADY |! CURRENT 

l RISE | STATE | DECAY 

| 

le tme — 


Fig. 9-5. Graph shows the transient response of the L circuit 
as the switch is closed and opened. 
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battery. When the switch is opened, the current will 
decay in like manner. The rise and decay of the cur- 
rent in this circuit is shown by the graph in Fig. 9-5. 

It is important to understand that the opposition to 
the rise or decay of current occurs only when there is 
a change in applied voltage. When there is no change, 
the current remains at its steady state value, depending 
only on the resistance of the coil. 

A resistance is joined in series with an inductor in 
the RL circuit in Fig. 9-6. The action of the voltage 
and current should be studied for increases and 
decreases. For example, when the switch is closed, the 
counter emf (E,) of the coil equals the source voltage. 
Since no current has started to flow, the IR drop across 
R equals zero. As the current gradually builds up, the 
voltage En increases. And counter emf E, decreases 
until a steady state condition exists. All the voltage drop 
is En, and there is no drop across L. 

If the RL circuit is shorted by another switch, S2 in 
Fig. 9-7, the stored energy in the field of L instantly 
develops a voltage and the circuit is discharged by cur- 
rent flowing through R. The graphs showing the charge 
and discharge of the circuit appear in Fig. 9-8. 


Fig. 9-6. A diagram of the RL circuit. 


Fig. 9-7. The coil Lis shorted through switch S2. The magnetic 
field collapses. 
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The baseline, or X axis, of these graphs represents 
time. The transient response of an RL circuit does 
require a definite time, depending upon the values of 
R and L. This is called the TIME CONSTANT of the 
circuit. It may be found by the formula, 


TS L (in henrys) 
R (in ohms) 
where t equals the time in seconds for the current to in- 
crease to 63.2 percent of its maximum value or to de- 
crease to 36.7 percent. In most cases, the circuit is 
considered charged or discharged after five time constant 
periods. Fig. 9-9 gives the voltage at the end of each time 
constant, assuming E source is 100 volts. Refer again 
to Fig. 9-8 where these points are plotted. A clear pic- 
ture of the rise and decay of the voltage and current can 
be seen. 


REVIEW QUESTIONS FOR SECTION 9.1 


. Define inductance. 

. What is the difference between inductance and 
resistance? 

. The unit for inductance is the l 

. Find the time constant in the circuit shown. 


9.2 MUTUAL INDUCTANCE 


In the study of generator regulation, you learned that 
the magnetic fields created by the windings of the cut- 
outs can be additive or cancelling. When two coils are 
within magnetic reach of each other so that the flux 
lines of one coil link with or cut-across the other coil, 
they have MUTUAL INDUCTANCE. If the coils are 
close to each other, many magnetic lines in the flux 
link with the second coil. On the other hand, if the coils 
were a distance apart, there might be very little linkage. 

The mutual inductance of two coils can be increased 
if acommon iron core is used for both coils. The degree 
to which the lines of force of one coil link with the 
windings of the second coil is called COUPLING. If 
all lines of one cut across all the turns of the other it 
is UNITY COUPLING. A number of percentages of 
coupling may exist due to the mechanical position of 
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Fig. 9-8. The transient response curves for current and induc- 
tive voltage of the RL circuit. 


TIME CONSTANT CHARGING DISCHARGING 


Fig. 9-9. Assuming the E source is 100 volts, these are the 
voltages at the end of each time constant. 


the coils. The amount of mutual inductance may be 
found by the formula, 


M=kVL, Lz 


where M equals mutual inductance in henrys, k equals 
the coefficient or percentage of coupling, and L; and 
Lz equal the inductance of respective coils. 

The mutual inductance must be considered when two 
Or more inductors are connected in series or parallel 
in a circuit. 
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THE TRANSFORMER 


A common application of mutual inductance is the 
TRANSFORMER. A transformer is a device used to 
transfer energy from one circuit to another by electro- 
magnetic induction. A transformer consists of two or 
more coils of wire wound around a common laminated 
iron core. The coupling between the coils approaches 
UNITY. Transformers have no moving parts and 
require very little care. They are simple, rugged, 
efficient devices, Fig. 9-10. 

The construction of a simple transformer is shown 
in Fig. 9-11, along with its schematic symbol. The first 
winding or input winding is called the PRIMARY. This 
winding receives the energy from the source. The 


UNITED TRANSFORMER CORP. 


Fig. 9-10. A power transformer. It is used in the power supply 
for electronic circuits. 


INPUT PRIMARY 


SECONDARY- 


PRIMARY 


CORE 


Fig. 9-11. Top. Basic construction of a transformer. Bottom. 
Schematic symbol of a transformer used in circuit diagrams. 


OUTPUT 


second winding or output winding is called the SEC- 
ONDARY. The output load is attached to this winding. 

The energy in the secondary is the result of the 
mutual induction between the secondary and the 
primary windings. The varying magnetic field of the 
primary cuts across the windings of the secondary. This 
induces a voltage in the secondary. Therefore, the 
transformer is a device which must work on an alter- 
nating current or a pulsating direct current. The 
primary field must be a moving magnetic field in order 
for induction to take place. 

In Fig. 9-12, two types of construction are shown: 
core construction and shell construction. In the core 
type, the coils surround the core. In the shell type, the 
core surrounds the coil. 

In either type of construction, a strong coupling must 
exist between the primary and secondary windings. 
Then very little flux loss or leakage will occur. In core 
construction, parts of both windings are wound on each 
leg of the core. In shell construction, the windings are 
in alternate layers. 


Turns ratio and voltage ratio 

A key advantage of transformers is that they can be 
used to increase or decrease voltage. This is done by 
increasing or decreasing the number of turns on the 
secondary winding. 


_— PRIMARY WINDING 


L— SECONDARY WINDING 


CORE TYPE 


PRIMARY WINDING 


SECONDARY WINDING 


SHELL TYPE 


Fig. 9-12. Construction of core type and shell type 
transformers. 
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On a secondary having less turns than the primary, 
voltage is decreased. In this case, voltage STEPS 
DOWN, Fig. 9-13. Likewise, when the secondary has 
more turns than the primary, voltage is increased, Fig. 
9-14. It STEPS UP. 

The ratio between the number of turns in the primary 
and secondary is called the TURNS RATIO. Refer- 
ring back to Fig. 9-13, the turns ratio would be: 

Np 6 


— = — 6:4 
Nora 


where N equals the number of turns. 

The VOLTAGE RATIO is the ratio between the 
voltage of the primary and secondary. It is in the same 
proportion as the turns ratio: 


E, - N,- L 
NL 


where E equals voltage and I equals amperage. 
Refer to Fig. 9-15. The transformer has 200 turns 

in the primary and 1000 turns in the secondary. If the 

applied voltage is 117 volts ac, what is the secondary 


voltage? 
PRIMARY | SECONDARY 


Fig. 9-13. In a step-down transformer, the output voltage is 
lower than the input voltage. 


PRIMARY SECONDARY 


Fig. 9-14. In a step-up transformer, the output voltage is higher 
than the input voltage. 


PRIMARY 
200 TURNS 


117 V _ 200 
E, 1000 
Transposing this equation, 
1000 x 117 _ 
Ba = 200 = 585 V 


This is an example of a step-up transformer. 
What if this transformer was made with a 10 turn 
secondary? What then would the secondary voltage be? 


117V _ 200 
E, 10 
117x10 
= 200 


E, = 5.85 V 


This is a step-down transformer. 


Taps 

The power transformer in Fig. 9-16 has a number 
of taps on the secondary winding. A TAP is a fixed 
electrical connection made to a winding at a point other 
than its terminals. Taps provide a number of voltages 
for use.. 


UNITED TRANSFORMER CORP. 


Fig. 9-16. Typical power supply transformer used in radios, 
TVs, and transmitters. 


SECONDARY 
1000 TURNS 


ARAN 


Fig. 9-15. Turns ratio helps determine output voltage. 
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If a tap is made on the secondary winding as shown 
in Fig. 9-17, two voltages can be received from the out- 
put. These voltages are 180 degrees out of phase with 
each other. This will be discussed further in Chapter 15. 

The primary of a power transformer can also be 
tapped. This allows use of varying input voltages. This 
feature is useful when electrical or electronic equipment 
is moved from one place to another place having a dif- 
ferent ac voltage. 


Transformer power 

The power used in the secondary circuit must be sup- 
plied by the primary. Assuming that the transformer 
is 100 percent efficient, then the power in the second- 


275 V ac A 


SECONDARY 


117 V ac 


PRIMARY 


+ 
T 


Fig. 9-17. Tap on secondary winding. 


Eg = 300 V 


100 V ac PRIMARY SECONDARY 


Pp = 9 x 100 = 900 W Pg = 3 x 300 = 900 W 


Fig. 9-18. Relationship between voltage, amperage, and power 
in the primary and secondary of a transformer. 


GENERATOR CROSS COUNTRY LINES 
"e Ca 
| 
| E = 60,000 VOLTS 
| | = .02 AMPS 
P= ol x 12,000 V = 1200 W P = .02 x 60,000 = 1200 W 


ary, I, x E,, must equal the power in the primary, 
IL Es: 

For example, a step-up transformer will produce 300 
volts in the secondary when 100 volts ac is applied to 
the primary. If a 100 ohm load is applied to the second- 
ary, Fig. 9-18, a current of 3 amperes would flow, 


300 volts eee 
100 ohms 

The power used in the secondary would be 
P =I, x E, = 3 amps x 300 volts = 900 watts. 
Since the primary must supply this power, 


I = P, _ 900 watts 


P E, 100 volts 
I, x E, = I, x E, = 900 watts 


= 9 amps, and 


The key point of transformer action is that as 
VOLTAGE INCREASES in the secondary, CURRENT 
DECREASES in the secondary. 

Power companies use that key point as the basis for 
production of electricity. In the study of conductors, you 
learned that all wires have some resistance. You will 
also recall that the power loss in a circuit ‘or conduc- 
tor is P = PR. A long length of wire, having a 
resistance of 2 ohms and carrying a 10 ampere current, 
will have a power loss of P = PPR = 10? x 2 = 200 
watts. If the current is doubled to 20 amperes, then 
the loss would be 20? x 2 = 800 watts, or four times 
as much as at 10 amperes. 

Power loss varies as the square of the current. 
Therefore, it is more economical to raise the voltage, 
decrease the current, and reduce power loss in the 
transmission lines. Transformers are used for this pur- 
pose, Fig. 9-19. 

An electric appliance in your home uses 10.25 
amperes of current. How much power is consumed 
when you turn it on? 


P =I x E= 10.25 x 117 = 1200 watts 


CITY LINES 
YOUR HOME 


117 VOLTS 


l | = 10.25 AMPS 
| E = 12,000 VOLTS | P = 10.25 x 117 
| | = .1 AMPS | = 1200 WATTS 
| 


P =.1 x 12,000 = 1200 W 


Fig. 9-19. Use of transformers in the transmission of electricity reduces line losses. 
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In 12,000 volt city lines, a current of .1 amp would 
flow: .1 amp x 12,000 volts = 1200 watts. 

In cross country power lines, a current of .02 amp 
would flow: .02 amp x 60,000 volts = 1200 watts. 

By raising voltage, power companies are able to 
supply large cities and industries with electricity. They 
use small wires for transmission lines. And while 
smaller wires do have greater resistance per foot, the 
loss from this resistance is only in direct proportion 
to the current used. Power companies select a wire that 
has the least resistance, yet is large enough to carry the 
expected current. The wire must also be strong enough 
to withstand high winds, ice, and snow. 


Autotransformers 

The common transformer consists of two windings: 
primary and secondary. While the two windings are 
not physically joined, a magnetic coupling exists 
between them. The electrical separation between the 
windings is called ISOLATION. Isolation reduces the 
chance for shock. See Fig. 9-20. 

An autotransformer has only one winding. The 
primary and secondary windings are physically joined 
at some point. There is no isolation. This increases the 
risk of electrical shock. However, the autotransformer 
is most often used in relatively low-voltage applications. 

Autotransformers can be either step-up or step- 
down, Fig. 9-21. 


Transformer losses 

Three types of losses go along with transformer con- 
struction. All losses result in heat. 

COPPER LOSSES are the result of resistance of wire 
used in the transformer windings. These are also called 
I2R losses. They vary as the square of the current 
according to Ohm’s Law and the Power Law. 

EDDY CURRENT LOSSES are caused by small 
whirlpools of current induced in the core material. 
These losses are reduced by using laminated core con- 
struction. Each lamination is insulated from its border- 
ing layer by varnish. This cuts the number of paths on 
which currents can flow. 

HYSTERESIS LOSSES, or molecular friction, are 
the result of magnetic particles changing polarity in step 
with induced voltage. Special alloys and heat-treating 
processes are used to make core materials, which 
reduces hysteresis loss. 


Reasons for using a transformer 

The basic reasons for using a power, or filament, 
transformer are to step up or step down voltage or cur- 
rent; to provide two voltages 180 degrees out of phase 
with each other; or to provide isolation from the 
primary to the secondary. 
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VIZ MFG. CO. 
Fig. 9-20. Isolated variable alternating current supply. 


PRIMARY 


SECONDARY 


STEP-UP 


PRIMARY 


SECONDARY 


STEP-DOWN 


Fig. 9-21. Autotransformers are less costly than regular 
transformers. Taps may be made variable so that the secondary 
voltage can be changed. 


THE INDUCTION COIL 


A transformer requires an alternating current or a 
pulsating direct current. Transformer action can be 
observed using an induction coil, Fig. 9-22 and 9-23. 
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The armature and point action in the buzzer circuit 
cause the magnetic field of the coil to expand and col- 
lapse. It is a constantly moving field. A secondary coil 
of many fine wire turns is placed over the primary 
buzzer coil. A high voltage is induced in the secondary. 

A capacitor has been added to this circuit to improve 
its action. Capacitance will be studied in a later chapter. 

LESSON IN SAFETY: People vary in their ability 
to withstand an electrical shock. Be very CAREFUL 
if you build the circuit shown in Fig. 9-22. 


Sı 
ES E HIGH VOLTAGE 


INDUCTION COIL SHOCKER 


Fig. 9-22. Schematic of an induction coil. 


Induction circuit breaker 

One common use of the induction coil is in circuit 
breakers. Circuit breakers, discussed in Chapter 6, use 
an inductor to trigger a switch to shut off the current 
in a circuit. Current traveling through the coil of a 
circuit breaker produces a magnetic field. When a 
certain level of current is reached, the strength of the 
magnetic field breaks the circuit. The circuit must be 
reset manually. 

Many circuit breakers are designed to protect 
equipment or prevent fires. The circuit breakers in Fig. 
9-24 are designed to protect people from electric shock. 
These breakers trigger with a very small fluctuation in 
the current. The buttons on top allow the breakers to 
be tested and reset. 


PHASE RELATIONSHIP IN TRANSFORMERS 


The output voltage of a transformer may be in phase 
or 180 degrees out of phase with the primary voltage. 
This depends on the direction of the windings and the 
method of connection. 

Restating Lenz's Law, the polarity of the induced 
voltage will be opposite to the voltage producing it. 
A diagram of a transformer and the waveforms of the 
primary and secondary voltage are shown in Fig. 9-25. 
The direction of the magnetic flux is shown by arrows 


Fig. 9-23. An electrodemonstator is used to show transformer action in an induction coil. 
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within the core. This type of transformer inverts the 
alternating voltage wave applied to the primary. 


SERIES AND PARALLEL INDUCTANCE 


When coils are joined in series so that no mutual 
inductance exists between them, the total inductance is, 


Li = Li + La + L; 


The individual inductances add like series resistors. 
However, when there is mutual inductance the formula 
becomes, 


L = L; + L: ste 2M 
The plus or minus sign (+) before the M means that 
plus (+) should be used when the coils aid each other 
and minus (—) when the coils oppose each other. 
When inductors are connected in parallel without 
mutual inductance, 


i 
Ln eee 
or 

| li X lg 
i =, La 


WESTERN HEMISPHERE SALES INC. 


Fig. 9-24. Circuit breakers use inductors to protect equipment, property, and people. 
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Fig. 9-25. Phase relationship between the primary and sec- 
ondary of the transformer. The schematic symbol is shown. 


Mutual inductance is used widely in electricity and 
electronics. A skilled technician must have a complete 
understanding of the characteristics of circuits contain- 
ing these components. 


REVIEW QUESTIONS FOR SECTION 9.2 


1. The effect of two or more coils sharing the 
energy of one coil is called 

2. Name two common types of eae cates 
construction. 

3. A transformer having more turns in the second- 
ary than the primary is a: 
a. Step-up transformer. 
b. Tap. 
c. Step-down transformer. 
d. None of the above. 

4. Solve for the voltage in the secondary of the 
transformer shown. 


5. Determine the power used in a step-down trans- 
former producing 600 volts in the primary, 250 
volts in the secondary, with a 150 ohm load 
applied to the secondary. 

6. Determine the amount of primary current flow- 
ing for the transformer in Question 5. 

7. List three types of transformer losses. 

8. A 1.5 H and a 500 mH coil are connected in 

series. What is their total inductance in henrys? 
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9.3 INDUCTANCE IN AC CIRCUITS 


In an ac circuit, the applied voltage varies and 
reverses polarity constantly. Thus, self-inductance 
develops counter emfs, which oppose the source 
voltage. 

This event may be again observed by setting up Fig. 
9-3. Connect a light to a 6 volt dc source. Note its 
brilliance. Now, connect the light to a 6 volt ac 
transformer and note the brilliance. Is it brighter or 
dimmer? The inductance has some indirect effect on 
the current flow. 

Opposition to an alternating current due to induc- 
tance or capacitance is called REACTANCE. Its letter 
symbol is X. Because it is caused by an inductor, its 
symbol is X,, called INDUCTIVE REACTANCE. It 
is measured in ohms. 


INDUCED CURRENT AND VOLTAGE 


Remember that the induced voltage in a coil is the 
counter emf. It opposes the source. Therefore, it is 180 
degrees out of phase with the source voltage. The 
greatest counter emf is induced when the current change 
is at maximum. 

Study Fig. 9-26. The greatest rate of change of cur- 
rent is at 90 degrees and 270 degrees. At these points, 
the applied voltage must be at maximum. The induced 
voltage is at maximum. At 180 degrees and 360 degrees, 
the current change is minimum. The current is at its 
maximum value, ready to start its decline. Note that 
in a circuit containing pure inductance, the current is 
90 degrees out of phase with the applied voltage. The 
current is lagging behind the voltage. The magnitude 
of the reactive force opposing the flow of an ac is 
measured in ohms. It may be expressed mathematically 
as, Xj, = 2xfL, where X; equals inductive reactance 
in ohms, f equals frequency hertz, L equals inductance 
in henrys, and m equals 3.1416. 


COUNTER EMF 


Fig. 9-26. Solid line is emf. Dashed line is counter emf force. 
Dotted line is current. Greatest counter emf occurs when 
current is changing at its most rapid rate. 
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Remember, as frequency or inductance is increased, 
the inductive reactance increases. They are in direct 
proportion. 

An inductance in a circuit behaves differently as 
various ac voltages are applied, Fig. 9-27. An 8 henry 
inductor connected to a dc (f = 0) has a reactance of 
zero. Using the formula, X, = 2afL, the reactance is 
computed for frequencies of 50, 100, 500, and 1000 
Hz. A partial graph of the results shows the linear 
increase of reactance as the frequency is increased. 

In Fig. 9-28, frequency is held constant at 100 Hz. 
The reactance is plotted as the inductance is increased 
from .32 henrys to .8 henrys. Notice the linear increase 
in reactance as the inductance is increased. 

These principles can also be applied to filter and 
coupling circuits. However, you must first understand 
the traits of reactance and how they change as a result 
of inductance and frequency of applied voltage. 


XL IN OHMS 


5000 


4000 


3000 


2000 


1000 


FREQUENCY IN HERTZ 


Fig. 9-27. As frequency increases, inductive reactance 


increases. 


4000 


3000 


2000 


1000 


INDUCTANCE IN HENRYS 


Fig. 9-28. As inductance increases, inductive reactance also 
increases. 
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POWER IN INDUCTIVE CIRCUITS 


Power consumed in a purely resistive circuit is the 
product of the voltage and the current: P = I x E. This 
is the actual power used by a circuit. It is called TRUE 
POWER, given in units of watts. This is not true, 
however, in an ac circuit containing inductance only. A 
current will flow, bound by the reactance of the circuit, 
and the power used to build the magnetic field will be 
returned to the source when the field collapses. This is 
REACTIVE POWER. Units of measure are volt- 
amperes reactive (VARs), Fig. 9-29. Note that true power 
in a purely inductive circuit is zero. 

The combination of true power and reactive power 
give rise to a measure of power that appears to be 
delivered to a load. It is called APPARENT POWER. 
It is equal to the product of the effective voltage and 
the effective current. Units are volt-amperes. For exam- 
ple, a 100-V ¿ff applied voltage to a certain inductive cir- 
cuit causes a 10-Ags current. The apparent power will 
equal: 

100 volts x 10 amperes 


1000 volt-amperes 


Watts are not used for apparent power. 

The ratio of true power to apparent power in an ac 
circuit is called the POWER FACTOR. It is found 
using trigonometry. It is equal to the cosine of the phase 
displacement between current and voltage. Mathe- 
matically, 


true power 
apparent power 


Power factor (PF) = Cos 0 = 


Note that by rearranging this formula, we arrive at the 
formula for true power: 


POSITIVE POWER 


ai NZI ll 
Baw ase 


OT NW 
NDA O 


NEGATIVE POWER 


== 


Fig. 9-29. A circuit containing inductance only. The true power 
is zero and current lags the voltage by 90 degrees. 
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True power (apparent power) Cos 0 


= Eeff left Cos 0 


As an example, assuming our previous circuit is 
purely inductive, determine the power factor and phase 
displacement. 

PF = Cos@ = —— = 
1000 
The angle whose cosine is 0 is 90 degrees. This tells us 
that current and voltage in the purely inductive circuit 
are 90 degrees out of phase. 


RESISTANCE AND INDUCTANCE IN 
AN AC CIRCUIT 


When resistance and inductance are in series in a cir- 
cuit, power is used. If a circuit contains only resistance, 
the current and voltage are in phase, Fig. 9-30. The 
power consumed in equal to I xE. Even though the 
polarity of the voltage changes and the current reverses, 
positive power is consumed. A resistance consumes 
power despite the direction in which the current is mov- 
ing. The power factor in a circuit of this type is cos 
0 degrees equals 1. The apparent power is equal to the 
true power. 

The circuit traits change when an inductor is added 
in series with the resistor. This does not have to be a 
resistive component. The wire from which the coil is 
wound will have a certain amount of resistance. 

Refer to Fig. 9-31. The series resistance equals 300 
ohms. The inductive reactance equals 400 ohms. This 
reactive component will cause the current to lag by an 
angle of 90 degrees or less. The forces opposing the 


Fig. 9-30. In a purely resistive circuit, true power and apparent 
power are the same. The current and voltage are in phase. 


AIN 


current can be thought of as the resistance and reac- 
tance. They are 90 degrees out of phase. To find the 
final opposition, add the vectors of the two forces. 
Refer to Fig. 9-32. 

The vectors can be added using the graph. Place the 
tail of the X, vector on the arrowhead of the R vec- 
tor. Then draw a vector from starting point, 0, to the 
head of the vector, X,. This is the magnitude and 
direction of the combined forces. 

The total opposition to an alternating current in a 
circuit having resistance and reactance is called 
IMPEDANCE. It is measured in ohms. 

Impedance problems are commonly solved using the 
PYTHAGOREAN THEOREM. This theorem states 
that the hypotenuse of a right triangle is equal to the 
square root of the sum of the squares of the two sides. 

In the problem X, equals 400 Q and R equals 
300 Q, find the impedance. 


Z = 1300? + 4002 
v 90,000 + 160,000 
500 Q 


VR? + X? 


or, Z 


R= 3000 


AC X, = 4000 


Fig. 9-31. RL circuit having series resistance of 300 ohms and 
inductive reactance of 400 ohms. 


SCALE: 
1 SQUARE = 500 


Fig. 9-32. Vector addition of XL and R, which are 90 degrees 
out of phase. 
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The impedance of the circuit is 500 ohms. The angle 
between vector Z and vector R is called the PHASE 
ANGLE (6). It represents the phase displacement between 
the current and voltage that results from the reactive com- 
ponent. So, Cos 0 equals the power factor and also equals 


z (see Appendix page 398). Therefore, 


PF = Cos 0 
R „300 
Cos 0 = 7 OF So OF 6 


The angle whose cosine is .6 is 53.10 degrees 
(approximately). The current lags the voltage by an 
angle of 53.1 degrees. The true power in this circuit 
equals the apparent power times the power factor, or 
cos 0: 

True power = apparent power x cos 0 


—itue power _ 
OS = True power 
- Apparent power 


The waveforms for current, voltage, and power are 
drawn in Fig. 9-33. Assuming an applied ac voltage 
of 100 V, the current in the circuit will equal: 

E 100 


MS Or = >= 


7 500 .2 amps 


The apparent power equals: 
Apparent power = E x I 
or, .2 x 100 = 20 volt-amperes 
The true power equals: 
True power = I x E x cos 0 
.2 x 100 x cos 53.1 degrees 
20 x .6 
= 12 watts 
These figures can be checked by inserting them into 
this formula: 


+P 


A AVE AS 


Fig. 9-33. The relationship between voltage, current, and 
power in the circuit described in the text. 


PF = True power 
Apparent power 


This is not only theory. In practice, the power fac- 
tor must be considered whenever a power company 
connects power lines to a manufacturing plant. 
Industries must keep the power factor of their circuits 
and machinery within specified limits, or pay the power 
company a premium. 

A reactive power is sometimes called WATTLESS 
POWER. It is returned to the circuit. In Fig. 9-33, the 
power in the shaded areas above the zero line is used. 
The power below the line is wattless power. 


OHM'S LAW FOR AC CIRCUITS 


In computing circuit values in ac circuits, Ohm's Law 
is used with one exception. Z is used in place of R. Z 
represents the total resistive force opposing the cur- 
rent. Therefore, 


I = Ë, E = IZ and Z = = 
A series circuit contains an 8 henry choke and a 4000 
ohm resistor. It is connected across a 200 volt, 60 Hz 
ac source, Fig. 9-34. 
First, find the reactance of L: 
Ay = eee 
2 x 3.14 x 60 x 8 
= 3014 2 (3000 2 approximately) 
Find the impedance of the circuit: 


Z= VR? + Xe 
= 4000? + 30002 
16,000,000 + 9,000,000 
= ~ 25,000,000 
= 5000 2 


R = 4000 2 


200 V-60 Hz 
AC GENERATOR 


Fig. 9-34. Circuit having an 8 henry choke, 4000 ohm resistor 
connected across a 200 volt, 60 Hz ac source. 
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Find the current in the circuit: 


E 200 


7 or 5000 7 .04 amps 


Find the voltage drop across R and X;: 


Er =I x R = .04 x 4000 = 160 volts 
Ex, = I x X, = .04 x 3000 = 120 volts 


The sum of the voltage drops does not equal the 
applied voltage. The reason for this is that the two 
voltages are 90 degrees out of phase. This requires 
vector addition: 


Es = V160? + 120? 
= /25,600 + 14,400 


Y 40,000 


= 200 volts (approximately) 
Find the phase angle 6 between I and E: 
as 
Cos 0 = Z 
_ 4000 Q 
~ §000 Q 


= 8 
.8 is the cosine of angle 36 degrees. 
Find the true power and apparent power: 


Apparent power = I x E 
= .04 x 200 
= 8 volt-amperes 
True power = 1 x E x cos 0 
= .04 x 200 x .8 
= 6.4 watts 


Note that some figures have been approximated to 
make the problem clearer. 


PARALLEL RL CIRCUIT 


In a circuit containing a resistance and an inductance 
in parallel, the voltage of each circuit element will be 
the same as the source voltage. Further, there will be 
no phase difference among them. This is because they 
are all in parallel. 

There will be a phase difference among the total and 
branch currents, however. Current will be in phase with 
voltage in the resistive branch. It will lag the voltage 
across the inductor by 90°. Total current will lag the 
source voltage by some angle between zero and 90°. 

In the parallel RL circuit, we do not find impedance 
through a vector sum. Instead, we apply Ohm’s law: 


As stated, voltage in the parallel RL circuit is in phase 
with Jp, and it leads 7; by 90°. Thus, we can say that 
Tp leads 7; by 90°. The parallel RL circuit, then, has 
two current components —/p and /,. Both of these can 
be represented by phasors. Since they are out of phase, 
we cannot simply add the two components together to 
figure the total circuit current. We must find their 
Dhasor sum: 


Tp = VI? + Ty? 


Note that the phasor for J; is below the horizontal 
reference. This is because /, lags voltage—the 
horizontal reference for the parallel RL circuit. (Since 
a phasor, or rotating vector, rotates counterclockwise, 
a lagging phasor would be behind, or clockwise to, a 
leading phasor.) 

The phase angle, as stated, represents the phase 
displacement between current and voltage resulting 
from a reactive circuit element. For the parallel RL 
circuit, it is found on the current phasor diagram. The 
horizontal reference of this circuit is voltage, since it 
is common to all circuit elements. 

In the current phasor diagram, we do not have a 
voltage phasor. We use Jp as the horizontal 
component since it is in phase with voltage. Using this 
diagram, the phase angle may be found from: 


Ty 
G = tan = 
arctan 7 


R 
Using the circuit with assigned values in Fig. 9-35, 
determine the phase angle between applied voltage and 
current. Draw the current phasor diagram and find the 
circuit impedance. 


E5;=100 Vac 
100 Hz 


Fig. 9-35. A parallel RL circuit. 


Step 1. Compute the value of inductive reactance, Xz. 
Xı O = 6.28 x 100 Hz x 4 H = 2512 Q 


Step 2. Compute branch currents. Using Ohm’s law: 


Es 100 V 
Ta a aE 
BOr 1500 Q DOGLER 
_ Es _ 10V _ 
== so A 
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Step 3. Determine the phase angle to see by how much 
the circuit current lags the voltage. 


Ty 0.04 A 
arctan — = arctan 


oe E 0.067 A 


arctan 0.597 
= 30.5" 


Step 4. Draw the current phasor diagram. Use any 
convenient scale. Remember that Jp is drawn as the 
horizontal component. J; is drawn downward at 90° 
from Zp since it lags voltage —the horizontal reference. 
See Fig. 9-36. 


¿=0.067 A 


Fig. 9-36. Current phasor diagram. 


Step 5. Find the total circuit current. 
= Vip? + 1,2 = V(0.067 A)? + (0.04 A)? 
= 0.078 A 


Step 6. Find the impedance of the circuit. Using Ohm’s 
law: 


— 100 V 


Ir 0.078 A — ea 


Once again, it 1s important to understand how the 
various quantities would be affected by a change in 
frequency. The effects of changing frequency are 
summarized in Fig. 9-37. It shows how values change 
in a parallel RL circuit as frequency is changed and 
inductance is held at a constant value. 


E E decreases er remains decreases decreases 
constant 

decreases remains increases increases 
constant 


decreases || decreases a 


Go 


REVIEW QUESTIONS FOR SECTION 9.3 


. What is reactance? 

. The actual opposition to a change in current 
offered by an inductor is 

. Find X, in the following diagram. 


. The actual power used by a circuit is the 


power. 


. Find the values in the following figure. 
a. Xile 
Oe Ze 


c. I (lags, leads) E by 


degrees. 


SUMMARY 


. Inductance is that property of a circuit which 
opposes any change in current flow. 


. Inductors give inductance to a circuit. Other names 


for them are coils, reactors, and chokes. 
. The unit for inductance is the henry (H). 


DanS 


Some factors which affect inductance are: 


Number of turns of coil. 
Diameter of coil. 

Core material of coil. 

Type of winding. 

Spacing between the windings. 


Fig. 9-37. Table shows the effect on various values in a paralle! RL circuit as fre- 
quency is changed and the inductance value is held constant. 
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. In a transformer, 
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. The time constant of a coil is the amount of time 


it takes for the current to rise from 0 to 63.2 per- 
cent of its maximum value. The formula for time 
constant is: 


A L (in henrys) 
R (in ohms) 


. Mutual inductance is two or more coils sharing the 


energy of one. It is the basis for the operation of 
a transformer. 


. In a transformer, energy is fed in the primary 


winding (input) and is taken out of the secondary 
winding (output). 


. A step-up transformer, steps up voltage. A step- 


down transformer steps down voltage. 

if the secondary voltage is 
stepped up a certain amount, the secondary cur- 
rent will be stepped down proportionally. 

The formula for turns ratio is: 


E primary = Norimary = I secondary 


E secondary Nsecondary Ibrimary 


A center tap in a transformer allows the secondary 
winding to provide two equal voltages. One will 
be 180 degrees out of phase with the other. 
The purpose of isolation in a transformer is to elec- 
trically separate the secondary winding from the 
primary winding. Then there is no physical con- 
nection between the two windings. This allows 
magnetic coupling of the field from the primary 
to the secondary winding. 

There are three basic types of transformer losses. 
The three losses are: copper losses, eddy current 
losses, and hysteresis losses. 

The following formulas are used to compute in- 
ductors in a circuit (all inductors must be the same 
measuring unit before using the formula): 

IN SERIES, Ly = Li + Lz + Lz... 


1 l l 
IN PARALLEL, ¡20 iL, F ; 
or 
= L, x L: 
Ly e Li + L: 


Inductive reactance (X,) is the opposition offered 
to a change in current flow by an inductor. It is 
measured in ohms. 

The formula for inductive reactance is 
X, = 2afL, where r equals 3.14, f equals a fre- 
quency in hertz, and L equals inductance in henrys. 
True power is power actually used in a circuit. 
Apparent power is the product of the effective 
voltage times the effective current. 


18. 


I9, 


20. 


Power factor is the relationship between true power 
and apparent power. 

The total opposition to a change of current flow 
in an inductive and resistive circuit is the impedance 
(Z). It is measured in ohms. 

There are three methods for computing impedance: 
Pythagorean theorem, trigonometry, and graph 
method. 


TEST YOUR KNOWLEDGE, Chapter 9 


Please do not write in the text. Place your answers 


on a separate sheet of paper. 


1. 


27 


U 


10. 


U 
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Draw a graph showing the rise and decay of cur- 
rent in a RL circuit. 

What is the formula for determining time 
constant? 

Draw the symbol for a power transformer. 

The primary of a transformer has 200 turns of wire 
and the secondary has 800 turns. 117 volt ac is 
applied to primary. What is the secondary voltage? 


. A load attached to the secondary of the trans- 


former in Question 8 draws a 100 mA current. 
What is the primary current? pie? 


List the three losses associated with transformers. 
Explain one of these losses. 
. The key point of transformer action is that as 
increases in the secondary, 
decreases in the secondary. 
Reactance is measured in 
Im a series RE ereu, L = 2 lil e 500 Q, 
Es = 100 V, 60 Hz ac. Find: 
a. Xe ite He 
be Ae 2 PF 
C h. True power. 
d. En. i. Apparent power. 
e. Ei: 
On graph paper, draw vectors and sine curves 


representing current and voltage of the circuit in 
Question 13. With a red pencil, draw the power 
curve. 


FOR DISCUSSION 


. Why do power companies use high voltages in cross 
country transmission lines? 

. What is the difference between apparent power and 
true power? 

. Discuss the differences between a step-up and step- 
down transformer. 


Electricity and Electronics 


CONDUCTIVE 
— PLATES 
ae 
DIELECTRIC 


— i 


Top. Schematic symbol for fixed A capacitor is a device that temporarily stores an elec- 
capacitor. Bottom. Schematic symbol tric charge. It accepts or returns this charge in order to 
for variable capacitor. maintain a constant voltage. 


DEVRY INSTITUTES 


Some forms of computer memory make use of small capacitors. 


Capacitance is useful in electric and electronic circuits. Filters and memory devices depend on capacitors. 
Capacitors are used to provide radio transmission and reception. In most circuits, 10 to 20 percent of 
the components are capacitors. 
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After studying this chapter, you will be able to: 

E Define capacitance and capacitor. 

E Explain how a capacitor behaves in a circuit. 

Ml Discuss the effect of capacitance on an ac circuit. 

E Describe the results of combining capacitance and 
resistance in a circuit. 

E Identify common applications for capacitors in elec- 
tronic equipment. 


10.1 CAPACITANCE AND THE CAPACITOR 


Recall that inductance is the property of a circuit that 
opposes any change in current. CAPACITANCE, on 
the other hand, opposes any change in voltage. A 
CAPACITOR is a device that temporarily stores an 
electric charge. It accepts or returns this charge in order 
to maintain a constant voltage. 

The capacitor is made of two plates of conductive 
material, separated by insulation. This insulation is 
called a DIELECTRIC, Fig. 10-1. The plates are con- 
nected to a dc voltage source. The circuit appears to 
be an open circuit because the plates do not contact 
each other. However, the meter in the circuit will show 
some current flow when the switch is closed. 

Study Fig. 10-2. As the switch is closed, electrons 
from the negative terminal of the source flow to one 
plate of the capacitor. These electrons repel the elec- 
trons from the second plate (like charges repel) and will 
be drawn to the positive terminal of the source. The 
capacitor is now charged to the same potential as the 
source and is opposing the source voltage. If the 
capacitor is removed from the circuit, it will remain 
charged. The energy is stored within the electric field 
of the capacitor. 

It is important to remember that in the circuit in Fig. 
10-2, no electrons flowed through the capacitor. This 


Chapter 10 


CAPACITANCE AND 
RC CIRCUITS 


CONDUCTIVE 
PLATES 


>} 


CAPACITOR 
SYMBOL 


DIELECTRIC 


Fig. 10-1. Basic form of a capacitor. 


ahji} 


Fig. 10-2. The capacitor charges to the source voltage. 


. is because a capacitor blocks direct current. However, 
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one plate did become negatively charged and the other 
positively charged. A strong electric field existed be- 
tween them. 


Electricity and Electronics 


Insulating or dielectric materials vary in their ability 
to support an electric field. This is known as the 
DIELECTRIC CONSTANT of the material. The con- 
stants of various materials are shown in Fig. 10-3. 
These numbers are based on comparison with the con- 
stant of dry air. The value of dry air is 1. 

LESSON IN SAFETY: Many large capacitors in 
radios, TVs, and other electronic equipment retain their 
charge even after power is turned off. Discharge these 
capacitors by shorting terminals to the chassis with an 
insulated screwdriver. If this is not done, the voltages 
may destroy test equipment, and those working on the 
equipment may receive a severe shock! 

Capacitance is determined by the number of elec- 
trons that may be stored in the capacitor for each volt 
of applied voltage. Capacitance is measured in 
FARADS. A farad represents a charge of one coulomb 
which raises the potential one volt. This equation is, 


Q (in coulombs) 


C (in farads) = Eo 
Capacitors used in electronic work have capacities 

measured in microfarads (1/1,000,000 farad) and 

picofarads (1/1,000,000 of 1/1,000,000 farad). 

Microfarad is commonly written as „F. It is sometimes 

written as mfd. Picofarad is written as pF. A conver- 

sion chart for these units is shown in Fig. 10-4. 

Capacitance is determined by: 

The material used as a dielectric. 

The area of the plates. (The larger the plate area, the 

greater the capacitance.) 

The distance between the plates. (The greater the 

distance, the lesser the capacitance.) 

These factors are related in the mathematical 

formulas, 


1. 
2 


ay 


C (in pF) = .225 ae 


where K equals the dielectric constant, A equals the 
area of one side of one plate in square inches, d equals 
the distance between plates in inches, and n equals the 
number of plates. 

This formula points out the following facts: 
Capacity INCREASES as the area of the plates 
increases, or as the dielectric constant increases. 
Capacity DECREASES as the distance between 
plates increases. 


ile 
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TYPES OF CAPACITORS 


Capacitors are made in hundreds of sizes and types. 
Several of these will be discussed in the following 
section. 


MATERIAL DIELECTRIC CONSTANT 


AIR 
WAX PAPER 
MICA 


GLASS (WINDOW) 
PURE WATER 


Fig. 10-3. Dielectric constants. Larger numbers are better able 
to support electric fields. 


FARAD 
MILLIFARAD 
MICROFARAD 


PICOFARAD 


— SMALLER THAN BASIC UNIT ————————————————J»- 


Fig. 10-4. Prefixes used with the farad. 


VARIABLE CAPACITORS consist of metal plates 
that join together as the shaft turns, Fig. 10-5. The sta- 
tionary plate is called the STATOR. The rotating plate 
is called the ROTOR. 

Variable capacitors are used in radio transmitters and 
receivers. They are the component that is turned when 
tuning a radio. This capacitor is at maximum capacity 
when the plates are fully meshed. The schematic sym- 
bol for a variable capacitor is shown in Fig. 10-6. 

FIXED PAPER CAPACITORS are made of layers 
of tinfoil. The dielectric is made of waxed paper. See 
Figs. 10-7 and 10-8. 

The wires extending from the ends connect to the 
foil plates. the assembly is tightly rolled into a cylinder 
and sealed with special compounds. Some capacitors 
are enclosed in plastic for rigidity. These capacitors can 
withstand severe heat, moisture, and shock. 

RECTANGULAR OIL FILLED CAPACITORS, 


Fig. 10-9, are hermetically sealed in metal cans. They 


are oil filled and have very high insulation resistance. 
This type of capacitor is used in power supplies of radio 
transmitters and other electronic equipment. 
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SCHEMATIC SYMBOL FOR VARIABLE CAPACITOR 


Capacitance and RC Circuits 


43 E 


HAMMARLUND MFG. CO. 


Fig. 10-5. Variable capacitors are made in many types and sizes. 


Schematic symbol for a variable capacitor. 


Fig. 10-9. Rectangular oil filled capacitor. 


SPRAGUE PRODUCTS CO. 
Fig. 10-7. A fixed paper capacitor, enclosed in plastic. 


CAN TYPE ELECTROLYTIC CAPACITORS use 
different methods of plate construction, Fig. 10-10. 

Some capacitors have aluminum plates and a wet or 
dry electrolyte of borax or carbonate. A dc voltage is 
applied during manufacturing. Electrolytic action 
creates a thin layer of aluminum oxide that deposits 
on the positive plate. This coating insulates the plate 
from the electrolyte. The negative plate is connected 
to the electrolyte. The electrolyte and positive plates 


SCHEMATIC SYMBOL FOR FIXED CAPACITOR form the capacitor. These capacitors are useful when 
Fig. 10-8. The schematic symbol for a fixed capacitor. a large amount of capacity is needed in a small space. 
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ANODE TABS STAKED AND 


WELDED TO TERMINALS 
CATHODE TAB WELDED 


TO TWIST-PRONG RING (ES PRESSURE VENT 


COMPRESSED RUBBER AGAINST AR 
METAL CASE FOR TIGHT SEAL A q PHENOLIC SHEET 


ANODE TAB STITCHED 
(COLD-WELDED) TO HIGH-PURITY 
ETCHED-FOIL ELECTRODE 
INSIDE CAPACITOR ROLL 


CATHODE TAB STITCHED 
COLD-WELDED) TO HIGH-PURITY 
ETCHED-FOIL ELECTRODE 


TAPE BAND RETAINER S PAPER SEPARATORS 
ie SATURATED IN ELECTROLYTE 


ANCHORING COMPOUND 
ALUMINUM CASE VOLTAGE RANGE: 6 to 6000 WVDC 
CAPACITANCE RANGE: 2 to 5000 uF 
SIZE RANGE: 1.0 in. dia. x 1.5 in. long to 1.375 in. dia x 4.5 in. long 


PRIMARY APPLICATIONS: Bypass and filtering in TV and radio-sets; allied enter- 
tainment and commercial equipment. 


THICK SHANKS ON TERMINALS LONGER LEAD IDENTIFIES 
FORM TIGHT COMPRESSION SEAL POSITIVE TERMINAL 


TINNED COPPER WIRE 


FLATTENED TERMINALS WELDED TO ALUMINUM SHANK 


WELDED TO ANODE AND 
CATHODE ELECTRODES G 
INSIDE CAPACITOR ROLL MOLDED ELASTOMER COVER 


PAPER SEPARATORS INDENT AROUND CASE 
SATURATED IN ELECTROLYTE COMPRESSES COVER 
FOR TIGHT SEAL. 
TAPE BAND RETAINER 


A ETC EO FOIL VOLTAGE RANGE: 6.3 to 63 WVDC 


ELECTRODES CAPACITANCE: 0.47 to 3300 uF 


SIZE RANGE: .197 in. dia. x 433 in. long to .630 in. dia. x 1.614 in. long 
ALUMINUM CASE 


PRIMARY APPLICATIONS: Coupling, decoupling, bypass, and filtering. Vertical 
installation on high density printed wiring boards in 
transistorized radios, portable TV sets, auto radios, 
tape recorders, etc. 


TAB RIVETED TO TERMINAL - ALUMINUM SCREW-INSERT 


ELASTOMER GASKET JQ | TERMINALS 
FOR Nee At x A) ) MOLDED ELASTOMER 


PRESSURE VENT 
ANODE TAB 


STITCHED (COLD-WELDED) TO A = MOLDED PHENOLIC COVER 
HIGH-PURITY ETCHED-FOIL 


ELECTRODE INSIDE CATHODE TAB STITCHED 
CAPACITOR ROLL (COLD-WELDED) TO HIGH-PURITY 
ETCHED-FOIL ELECTRODE 


ALUMINUM CASE f VOLTAGE RANGE: 3 to 450 WVDC 
PAPER SEPARATORS S 
SATURATED IN ELECTROLYTE CAPACITANCE: 50 to 390,000 uF 
TAPE BAND RETAINER SIZE RANGE: 1.453 in. dia. x 2.250 in. long to 3.078 in. dia. x 8.750 in. long 


LOWER END OF CASE FILLED PRIMARY APPLICATIONS: Where high capacitance in minimum space is required, 

WITH ANCHORING COMPOUND as for power supply filtering in computers, industrial 

TO PREVENT VIBRATION OF control equipment, communications equipment, etc., 
CAPACITOR SECTION as well as energy storage applications. 


SPRAGIIC PRODUCTS co. 
Fig. 10-10. This chart shows a number of can type electrolytic capacitors, along with their voltage 
ratings and common uses. A—Basic can type. B—Single-ended. C—Cylindrical. 
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Polarity of these capacitors is very important. A 
reverse connection can destroy them. The cans may 
contain from one to four different capacitors. The ter- 
minals are marked by A, Æ , [_],and LG 
symbols. The metal can is usually the common negative 
terminal for all the capacitors. A special metal and fiber 
mounting plate is supplied for easy installation on a 


chassis. 

TUBULAR ELECTROLYTIC CAPACITOR con- 
struction is similar to the can type, Fig. 10-11. The main 
advantage of these tubular capacitors is their smaller 
size. They have a metal case enclosed in an insulating 
tube. They are also made with two, three, or four units 
in one cylinder. 


TINNED COPPER CATHODE 
LEAD WELDED TO CASE 


TAPE BAND RETAINER 


PAPER SEPARATORS SATURATED 
IN ELECTROLYTE 


ANODE TAB WELDED 
TO ALUMINUM RIVET 


RIBBED SURFACE ON RIVET 
FORMS LEAKPROOF SEAL 
THRU COVER 


TINNED COPPER ANODE 
LEAD WIRE WELDED TO 
ALUMINUM RIVET 

FOR TIGHT 


MOLDED ELASTOMER COVER 


CATHODE TAB 
WELDED TO CASE 


ALUMINUM CASE 
TERMINATION TABS 


STITCHED (COLD-WELDED) TO 


SEAL 


HIGH-PURITY ETCHED-FOIL 
ELECTRODES 


INDENT AROUND CASE 
COMPRESSES COVER 


METAL CASE SPUN OVER 


INTO COVER FOR TIGHT SEAL 


VOLTAGE RANGE: 3 to 150 WVDC 
CAPACITANCE RANGE: 1 to 2500 pF 


a 


SIZE RANGE: .260 in. dia. x .536 in. long to .510 in. dia. x 1.786 in. long 


PRIMARY APPLICATIONS: Bypass and coupling in transistorized radios, “‘per- 


sonal’’ TV sets, wireless microphones, tape 
recorders, CB equipment, etc. 


TINNED COPPER CATHODE 


ALUMINUM CASE 


TAPE BAND RETAINER 


PAPER SEPARATORS 
SATURATED IN ELECTROLYTE 


LAMINATED COVER 
(UPPER LAYER RUBBER, 
LOWER LAYER PHENOLIC SHEET) 
OR MOLDED ELASTOMER COVER; 
DEPENDING ON DIAMETER 


LEAD WELDED TO CASE 


CATHODE TAB WELDED 
TO CASE 


TERMINATION TABS 
STITCHED (COLD-WELDED) TO 
HIGH-PURITY ETCHED-FOIL 
ELECTRODES 


OF CAPACITOR. PRESSURE VENT (WITH LAMINATED 


COVERS ONLY) 
ANODE TAB WELDED 


TO ALUMINUM RIVET A 


METAL CASE SPUN OVER 
INTO RUBBER FOR TIGHT SEAL. 


TINNED COPPER ANODE 


LEAD WIRE WELDED TO 
ALUMINUM RIVET 


VOLTAGE RANGE: 1 to 600 WVDC 
CAPACITANCE RANGE: 1 to 20,000 pF 
SIZE RANGE: .250 in. dia. x .531 in. long to 1.375 in. dia. x 4.625 in. long 


PRIMARY APPLICATIONS: Bypass, coupling, and filtering in TV and radio sets, 
allied entertainment and commercial equipment. 


SPRAGUE PRODUCTS CO. 
Fig. 10-11. Tubular electrolytic capacitor. A—Standard tubular. B—Economy tubular. 
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A very popular small capacitor-used a great deal in 
radio and TV work is the CERAMIC CAPACITOR, 
Fig. 10-12. It is made of a special ceramic dielectric. 


The silver plates of the capacitor are fixed on the dielec- 
tric. The whole component is treated with special 
insulation that can withstand heat and moisture. 


LEAD WIRE SOLDERED 
TO SILVER ELECTRODE 


SOLDER - DIPPED PHENOLIC COATING 


SILVER ELECTRODES DEPOSITED ON 


CERAMIC DIELECTRIC TOP AND BOTTOM OF CERAMIC DISC 


GENERAL APPLICATION 
VOLTAGE RANGE: 100 to 7500 WVDC 
CAPACITANCE RANGE: 1.5 pF to 0.1 pF 


SIZE RANGE: .296 in. dia. x .156 in. thick 


to .937 in. dia. x .375 in. 
thick 


PRIMARY 
APPLICATIONS: 


Entertainment, commercial, 
and industrial equipment 
where temperature coeffi- 
cient is not important, such 
as bypass and coupling in 
IF and RF circuits. 


TEMPERATURE-COMPENSATING 
VOLTAGE RATING: 1000 WVDC 
CAPACITANCE RANGE: 1 to 2200 pF 


SIZE RANGE: .296 in. dia. x .156 in. thick 


to .937 in. dia. x .234 in. 
thick 


PRIMARY 
APPLICATIONS: 


Standard, and higher quali- 
ty, equipment where 
capacitance change with 
temperature is undesirable: 
tuned circuits, in TV, FM, 
VHF, and AM receivers, 
where oscillator drift must 
be eliminated. 


A 


HIGH-K 
VOLTAGE RANGE: 16 to 1000 WVDC 
CAPACITANCE RANGE: 0.0001 to .47 pF 


SIZE RANGE: .250 in. dia. x .156 in. thick 


to .875 in. dia. x .187 in. 
thick. 


PRIMARY 
APPLICATIONS: 


Bypass and coupling in 
entertainment, commer- 
cial, and industrial equip- 
ment, where additional 
capacitance will not affect 
circuit operation. 


DIPPED PHENOLIC 
COATING 


LEAD WIRE SOLDERED 
TO ELECTRODE PICK-UP 


SOLDER 


ELECTRODE 
PICK-UP 


CERAMIC DIELECTRIC METAL ELECTRODES 
(ALTERNATELY DEPOSITED LAYERS OF 
CERAMIC DIELECTRIC MATERIAL 
AND METAL ELECTRODES FIRED 
INTO A SINGLE HOMOGENEOUS 
BLOCK.) 


VOLTAGE RANGE: 50 and 100 WVDC 
CAPACITANCE RANGE: 10 pF to 4.7 pF 


SIZE RANGE: .200 in. x .200 in. x .125 in. to .500 in. x .500 in. 
x .238 in. 


PRIMARY APPLICATIONS: Use in circuitry where capacitors with EIA 
Characteristics Z5U, X7R, and COG must 
be selected to meet specific 
requirements. 


B 


BASE PLATE ELIMINATES 
RESIN RUNDOWN 
ON LEADS 


DIPPED PHENOLIC COATING 


LEAD WIRE 
SOLDERED TO 
ELECTRODE PICK-UP 


SOLDER 


ELECTRODE 
PICK-UP 


PERMIT CLEARANCE METAL ELECTRODES 


AEE CORMENE CERAMIC DIELECTRIC 
cy (ALTERNATELY DEPOSITED 
PHENOLIC BOARD LAYERS OF CERAMIC 
BASE PLATE DIELECTRIC MATERIAL AND 
METAL ELECTRODES FIRED 
INTO A SINGLE HOMOGENEOUS 
BLOCK.) 


VOLTAGE RATINGS: 50 and 100 WVDC 
CAPACITANCE RANGE: 51 pF to 4.7 pF 


SIZE RANGE: .225 in. x .250 in. x .125 in. to .500 in. x .525 in. 
x .260 in. 


PRIMARY APPLICATIONS: Similar to standard resin-dipped types, with 


addition of terminal base and standoff 
teet for improved performance on printed 
wiring boards. 


C 


SPRAGUE PRODUCTS CO. 


Fig. 10-12. This chart shows several types of ceramic capacitors. Also listed are their voltage 
ratings and common uses. A — Disc type. B— Multi-layer resin dipped. C — Multi-layer terminal base. 


154 


Fig. 10-14. Several types of trimmer capacitors. 


SINTERED TANTALUM 
PELLET (ANODE) 


GRAPHITE 


DIPPED EPOXY COATING 


NICKEL LEAD \ ~ 
(POSITIVE) / 


TANTALUM 
PENTOXIDE 
(DIELECTRIC) 


MANGANESE 
DIOXIDE 
(SOLID- 
ELECTROLYTE) 


NICKEL LEAD 
(NEGATIVE) 


TANTALUM WIRE 
WELDED TO 
TANTALUM PELLET 


CATHODE LEAD SOLDERED 
TO SILVERED AREA OF 
CAPACITOR SECTION 


VOLTAGE RANGE: 4 to 50 WVDC 
CAPACITANCE RANGE: 0.10 to 330 pF 


SIZE RANGE: .175 in. dia. x .375 in. high 
to .400 in. dia. x .750 in. high 


| PRIMARY 
APPLICATIONS: 


On printed wiring boards in 


entertainment, commer- 
cial, and industrial equip- 
ment where low cost, 
small size, high stability, 
low dc leakage, and low 
dissipation factor are 
important. 


A 


Capacitance and RC Circuits 


MICA CAPACITORS, Fig. 10-13, are small 
capacitors. They are made by stacking tinfoil plates 
together with thin sheets of mica as the dielectric. The 
assembly is then molded into a plastic case. 

A TRIMMER CAPACITOR, Fig. 10-14, is a type 
of variable capacitor. The adjustable screw compresses 
the plates and increases capacitance. Mica is used as 
a dielectric. 

Trimmer capacitors are used where fine adjustments 
of capacitance are needed. They are used with larger 
capacitors and are connected in parallel with them. 

To adjust trimmer capacitors, turn the screw with 
a special fiber or plastic screwdriver called an ALIGN- 
MENT TOOL. Do not use a screwdriver. The 
capacitance effect would cause inaccurate adjustment. 

TANTALUM CAPACITORS are a new type of 
capacitor, similar to aluminum electrolytic capacitors, 
Fig. 10-15. However, tantalum capacitors use tantalum, 
not aluminum, for the electrode. 


CENTRALAB 


SINTERED TANTALUM PELLET 


TANTALUM PENTOXIDE 
(DIELECTRIC) 


MANGANESE DIOXIDE 
(SOLID ELECTROLYTE, 
CATHODE) 


TANTALUM WIRE 
WELDED TO 
OR IMBEDDED IN 
TANTALUM PELLET 


NICKEL LE 


LEAD SWAGED 
TO BOTTOM 


EYELET 
GLASS 


TO METAL 
EYELET AND 
METAL RING 


poe ee FOR HERMETIC 


NICKEL LEAD 
(POSITIVE) 


VOLTAGE RANGE: 6 to 125 WVDC 
CAPACITANCE RANGE: 0.0047 to 1000 pF 


SIZE RANGE: .125 in. dia. x .250 in. long 
to .341 in. dia. x .750 in. long 


PRIMARY Industrial and military 
APPLICATIONS: equipment where reliabili- 
ty, low leakage current, 
low dissipation factor, and 
stability with time and 
temperature are required. 


(NEGATIVB) 


COPPER LEAD (NEGATIVE) 
WELDED TO OUTSIDE OF CASE 


TANTALUM ANODE RISER 
PTFE VIBRATION SPACER 
SINTERED TANTALUM PELLET 
FINE SILVER CASE “ 


ELECTRODEPOSITED 
PLATINUM BLACK 


G Pp TANTALUM 


ER  PENTOXIDE 


GELLED SULPHURIC ACID 
BETWEEN PELLET 
AND CASE 


RUBBER GASKET 
PLATED COMPRESSION RING 
GLASS-TO-METAL 
COVER 


VOLTAGE RANGE: 6 to 125 WVDC 
CAPACITANCE RANGE: 1.7 to 1200 pF 


SIZE RANGE: .188 in. dia. x .453 in. long 
to .375 in. dia. x 1.062 in. 
long 


NICKEL LEAD 
(POSITIVE) 


PRIMARY Industrial and military 
APPLICATIONS: equipment where reliabili- 
ty and premium perfor- 
mance with respect to low 
dc leakage current, high in- 
rush current capability, and 
high volumetric efficiency. 


E 


SPRAGUE PRODUCTS CO. 


Fig. 10-15. This chart shows three types of tantalum capacitors. Voltage ratings and common uses are also listed. 
A—Epoxy dipped solid electrolyte. B—Hermetically sealed solid electrolyte. C—Hermetically sealed sintered-anode. 
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Tantalum capacitors have three distinct advantages 
that make them quite useful. They have a larger 
capacitance over a smaller area. This makes them ideal 
for smaller circuits. Tantalum capacitors have a long 
shelf life. And, because tantalum resists most acids, 
tantalum capacitors have less leakage current. 


REVIEW QUESTIONS FOR SECTION 10.1 


1. A capacitor is made of two __________ of 
conductive material, separated by an insulator 
called the : 

. The ability of an insulator to support an electric 
field is known as the eee ETE 
. Find the missing values for the following 
circuits: 
a. 20 volts, 1000 pF. 
b. 10 coulombs, 40 volts. 
c. 200 coulombs, 750 volts. 
. Convert the following units: 
a. 6240 pF = ___ssF. 
pF. 
F. 
pF. 
. Name the three items that determine capaci- 
tance. 
. List six types of capacitors. 


10.2 TRANSIENT RESPONSE 
OF THE CAPACITOR 


Recall that the response of current and voltage in 
a circuit immediately after a change in applied voltage 
is called TRANSIENT RESPONSE. 

Refer to Fig. 10-16. A capacitor and a resistor are 
connected in series across a voltage source. When the 
switch is closed, maximum current will flow. Current 
gradually decreases until the capacitor has reached its 
full charge, which is the same as the applied voltage. 


Fig. 10-16. This series RC circuit demonstrates the transient 
response of a capacitor. 


However, the voltage initially is zero across the 
capacitor. When the switch is closed, this voltage 
gradually builds up to the value of the source voltage. 
This is shown in Fig. 10-17. When the switch is opened, 
the capacitor remains charged. Theoretically, it would 
remain charged. But there is always some leakage 
through the dielectric, and during a period of time the 
capacitor will discharge itself. 

In Fig. 10-18, the series combination of charged 
capacitor and resistor are short-circuited by providing 
a discharge path. Because there is no opposing voltage, 
the discharge current will instantly rise to maximum 
and gradually fall off to zero. The combined graph of 
the charge and discharge of C is shown in Fig. 10-19. 


nee T] 
Chet E 


—— 


Pet TT TS 
PETE TP ST TI 


PENH 


Fig. 10-17. Current and voltage in the series RC circuit. 


= B S2 
La 


Fig. 10-18. A short circuit occurs in the RC circuit when 
switch S: is closed. 
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Lf rt 


A 


TIME 


Fig. 10-19. This combination graph shows the rise and decay 
of current and voltage in the series RC circuit. 
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Voltages also appear across R and C in this circuit. 
The voltage across R is a result of current flow, 
E = IR. Then the maximum voltage appears across 
R when maximum current is flowing. This is right after 
the switch is closed in Fig. 10-16, and after the discharge 
switch is closed in Fig. 10-18. In either case, the voltage 
across R drops off or decays as the capacitor 
approaches charge or discharge. The graph of the 
voltage across R is drawn in Fig. 10-20. 


RC TIME CONSTANT 


During the charge and discharge of the series RC net- 
work just outlined, a period of time elapsed. This time 
is indicated along the base or x-axis of the graphs in 
Fig. 10-19 and 10-20. To review Chapter 6, the amount 
of time needed for the capacitor to charge or discharge 
63.2 percent is known as the TIME CONSTANT of 
the circuit. The formula to determine the time constant 
in RC circuits is: 

t (in seconds) = R (in ohms) x C (in farads) 

For complete charge or discharge, five time constant 
periods are required. Assuming a source voltage equal 
to 100 volts, Fig. 10-21 shows the time constant, percen- 
tage, and voltage. 

For example, a .1 microfarad capacitor is connected 
in series with a megohm (1,000,000 ohm) resistor across 
a 100 volt source. How much time will elapse during 
the charging of C? (Using powers of ten is explained 
in the Appendix.) 

t= I x IOE x I = | second 
One tenth of a second is the time constant. C would 
charge to 63.2 volts during this time. At the end of five 
time constants, or 5 x .1 = .5 seconds, the capacitor 
is fully charged. 
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Fig. 10-20. This graph shows the voltage drop across R as 
the capacitor is charged and discharged. 


Set up the circuit in Fig. 10-22. This neon lamp will 
remain out until a certain voltage is reached. At this 
voltage, called the IGNITION or FIRING VOLTAGE, 
the lamp glows and offers little resistance in the circuit. 

In this circuit, capacitor C charges through resistance 
R. When the voltage across C develops to the ignition 
voltage, the lamp glows. C is quickly discharged. This 
cycle repeats over and over, causing the neon light to 
flash. The frequency of the flashes may be changed 
by varying either the value of C or R. A telephone with 
a neon accent is shown in Fig. 10-23. 

Time constants have many uses in electronic circuits. 
Timing circuits are used in industry to control the 
sequence and duration of machine operations. A 
photographic enlarger uses a time delay circuit to con- 
trol exposure time. 


RC BLINKER PROJECT 


You can produce an RC blinker project that has 
LED’s that flash alternately. See the schematic in 
Fig. 10-24. 

The project is easy to build. Using the parts list, Fig. 
10-25, assemble the parts according to Fig. 10-24. 
Install the complete RC circuit and cover the circuit 
with papier-maché. 
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Fig. 10-21. A source voltage of 100 volts will create the time 
constant, percentage, and voltage shown. 
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Fig. 10-22. This flashing circuit is called a relaxation oscillator. 
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1—LM3909 INTEGRATED CIRCUIT 
1—100 Q, 1/2 WATT RESISTOR 
1—300 0, 1/2 WATT RESISTOR 
1—510 Q, 1/2 WATT RESISTOR 
1—4,300 2, 1/2 WATT RESISTOR 


1—400 „F, ELECTROLYTIC CAPACITOR (15 WVDC) 
2—LEDs 


POWER SOURCE: 10-15 VOLTS DC 
PC BOARD 
8 PIN IC SOCKET 


Fig. 10-25. Parts list for RC blinker project. 


TELEAN TECHNOLOGY LTD. 


Fig. 10-23. Neon lights are used in many new products. Here, When two capacitors are connected in series, Fig. 
a neon light highlights this designer phone. 10-27, total capacitance is, 
Cree 
Cr = pol en ear 
Cu Es 


When two or more capacitors are connected in series, 
Fig. 10-28, then, 


PARALLEL AND SERIES CIRCUITS 1 1 1 1 


When capacitors are connected in parallel, Fig. 
10-26, the total capacitance is equal to the sum of the 
individual capacitances, 

Gp = Ci + C + C3... 


ml cal ell 


Cy =C)+C2+C3 .... 


Fig. 10-26. Capacitors in parallel. 


Er a 
Cr=CiC2 
G1+C2 


Fig. 10-27. Two capacitors in series. 


esee 


Fig. 10-24. Schematic for RC blinker project. Fig. 10-28. Two or more capacitors in series. 
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The dielectrics used for capacitors can only withstand 
certain voltages. If this voltage is exceeded, the dielec- 
tric will break down and arcing will result. This max- 
imum voltage is known as the WORKING VOLTAGE 
(WV). Exceeding the working voltage can cause a short 
circuit. This will ruin other parts of the circuit con- 
nected to the dielectric. 

Increased voltage ratings require special materials 
and thicker dielectrics. When a capacitor is replaced, 
check its capacitance value and dc working voltage. 

When a capacitor is used in an ac circuit, the work- 
ing voltage should safely exceed the peak ac voltage. 
For example, a 120 volt effective ac voltage has a peak 
voltage of 120 V x 1.414 = 169.7 volts. Any capacitors 
used must exceed 169.7 volts. 


REVIEW QUESTIONS FOR SECTION 10.2 


1. Find the time constants for the following circuits: 
a. 500 „F capacitor, 2500 ohms resistance. 
b. 225 uF capacitor, 3200 ohms resistance. 
c. 67 mF capacitor, 180 ohms resistance. 

2. Give the total capacitance for the circuits below. 


30 pF 50 pF 75 pF 


3. Can a capacitor which has a working dc voltage 
of 25 (WVDC) be used in a circuit which 
requires 10 WVDC? Explain your answer. 


10.3 CAPACITANCE IN AC CIRCUITS 


When an ac voltage is applied to a capacitor, the 
plates charge to one polarity during the first half-cycle. 
During the next half-cycle, they charge to the opposite 
polarity. An ac meter in the circuit shows a current 
flowing at all times. 

To prove this, connect a light and capacitor in series 
to a 6 volt de source, Fig. 10-29. Does the light glow? 
Now connect the same circuit to a 6 volt ac source. 
Notice that the light burns dimly. This shows that alter- 
nating current is flowing as a result of the alternate 
charging of the capacitor. 


To review, refer to Fig. 10-30. As the ac voltage starts 
to rise, the current flow is maximum because C is in 
a discharged state. As C becomes charged to the peak 
ac voltage, the charging current drops to zero (A). As 
the voltage begins to drop, the discharging current 
begins to rise in a negative direction and reaches 
maximum at the point of zero voltage (B). This phase 
difference keeps going throughout each cycle. In a 
purely capacitive circuit, the current leads the voltage 
by an angle of 90 degrees. 

The size of the current in the circuit depends upon 
the size of the capacitor. Larger capacitors (more 
capacitance) require a larger current to charge them. 
Frequency of the ac voltage also affects current flow. 


Fig. 10-29. A light will glow when connected to an ac source. 
The capacitor blocks direct current. 


Fig. 10-30. When a circuit is connected to ac, applied voltage, 
current, and voltage across C appear as shown. 
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Current flow depends upon the rate of charge and 
discharge of the capacitor. As the frequency of the ac 
is increased, current increases. These links are stated 
in the formula, 

1 

~ 2nfC 

where Xç equals the capacitive reactance in ohms, f 
equals the frequency in hertz, and C equals the 
capacitance in farads. 

Like inductive reactance, resistance to the flow of 
an alternating current resulting from capacitance is 
called CAPACITIVE REACTANCE. It is measured 
in ohms, like dc resistance. The formula states that: 
1. As the frequency increases, Xç decreases. 

2. As capacitance increases, Xc decreases. 

What, then, is the reactance of a 10 „F capacitor 

working in a circuit at a frequency of 120 hertz? 


a 1 
27 x 120 x 10 x 10-6 


1 
~ 6.28 x 120 x 10 x 10-6 
1 
= 007536 e?” 
The reactance of a .1 „F capacitor as frequency is 
varied can be seen in Fig. 10-31. As frequency is 
changed to 50, 100, 1000, and 10,000 Hz, each reac- 
tance is computed using the formula, 
1 
Xe = FC 
In Fig. 10-32, the frequency is held constant at 100 
Hz. The reactance is plotted for capacitors of .5 pF, 
.05 „F, and .001 „F. These are common capacitor sizes 
used in electronic work. They are used in filtering, 
coupling, and bypassing networks. Fig. 10-33 shows 
a meter used to test the value of capacitors. 


Xc 


Xc 


FREQUENCY Hz 


Fig. 10-31. As frequency increases, capacitive reactance 
decreases. 


POWER IN CAPACITIVE CIRCUITS 


When a capacitor is discharged, the energy stored 
in the dielectric is returned to the circuit. This is similar 
to inductance, which returns the energy stored in the 
magnetic field to the circuit. In either case, electrical 
energy is used temporarily by the reactive circuit. This 
power in a capacitive circuit is also called WATTLESS 
POWER. 

In Fig. 10-34, the voltage and current waveforms are 
drawn for a circuit containing pure capacitance. The 
power waveform results from plotting the products of 
the instantaneous voltage and current at selected points. 


CAPACITANCE IN uF 


Fig. 10-32. As capacitance increases, reactance decreases. 


—_ BOONTON ELECTRONICS 
Fig. 10-33. Capacitance meters have either analog or digital 
reading displays. 
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The power waveform shows that equal amounts of 
positive power and negative power are used by the cir- 
cuit. This results in zero power being used. The TRUE 
POWER, or actual power used, then, is zero. (Refer 
to Chapter 9, Section 9.3, POWER IN INDUCTIVE 
CIRCUITS, and compare these circuits.) 

The APPARENT POWER is equal to the product 
of the effective voltage and the effective current. Look 
at Fig. 10-35. An applied ac voltage to the capacitive 
circuit causes a 10 ampere current. The apparent power 
will equal, 

100 V x 10 amps = 1000 volt-amperes 

The ratio of true power to apparent power in an ac 
circuit is called the POWER FACTOR. It is found using 
trigonometry. It is the cosine of the phase angle between 
current and voltage. Mathematically, 


apparent power 


Power factor (PF) = Cos — true power 


As an example, assuming our previous circuit is 
purely capacitive, determine the power factor and phase 
displacement. 


Fig. 10-34. These waveforms show current, voltage, and 
power in a purely capacitive circuit. 


Fig. 10-35. Schematic for the theoretical capacitive circuit. 


The angle whose cosine is O is 90 degrees. This tells us 
that current and voltage in the purely capacitive circuit 
are 90 degrees out of phase. 


RESISTANCE AND CAPACITANCE IN 
AN AC CIRCUIT 


When resistance is present in a circuit, power is used. 
If the circuit contains only resistance, then the voltage 
and current are in phase. There is no phase angle 9 and 
the power factor is one (Cos O degrees = 1). The ap- 
parent power equals the true power. 

The circuit traits change when capacitance is added 
in series with the resistor. The capacitive reactance is 
also a force which resists the flow of an alternating cur- 
rent. Because the capacitive reactance causes a 90 
degree phase displacement, the total resistance to an 
ac current must be the vector sum of the Xc and R. 
These vectors are drawn in Fig. 10-36. Assuming the 
circuit has 300 ohms resistance and 400 ohms capacitive 
reactance, then the resulting force is 500 ohms. This 
is called the IMPEDANCE, Z, of the circuit. 


7 = MIA 


Z = V 300? + 4002 
= Y 90,000 + 160,000 


= 500 Q 


Fig. 10-36. Top. The vector relationship between R and Xç 


and the resulting vector, Z, for impedance. Bottom. The circuit 
for the problem in the text. 
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The angle between vector Z and vector R represents 
the phase displacement between the current and the 
voltage as a result of the reactive component. This is 
angle 0 (theta). Since cosine @ is equal to the power 


factor and to = 


Pee 
PF = Cos 0 
R 
and Cos 0 = 7 
_ 300 _ 
500 


An angle with a cosine of .6 is 53.1 degrees 
(approximately). The current then leads the voltage by 
an angle of 53.1 degrees. 


The true power in this circuit equals, 


True power = Apparent power x Cos 0 


Apparent power x Power factor 


The power factor is also the relationship between the 
true power and the apparent power. This may be 
expressed as, 


Cos 6 = Power factor 
True power 


Apparent power 


Using Ohm's Law for ac circuits, the current flow- 
ing in Fig. 10-36 (100 volts ac applied) is equal to, 
E 100 


T= 7 orl = fo = 


The apparent power is then, 
I x E = .2 x 100 = 20 volt-amperes 


True power equals, 


True power = I x E xCos 0 
= .2 x 100 x Cos 53.1 degrees 
= IIS O 
= 12 watts 


These values can be proved correct using this equation: 


_ _ True power _ 12 
Es Apparent power 20 E 


All circuits have three electrical properties: R, L, and 
C. These properties come in many combinations, 
including R, RL, and RC networks. In Chapter Il, 
RCL circuits will be studied. Always review previous 
lessons if the theory covered is not clearly understood. 
The study of electricity and electronics requires a firm 
grasp of all previous lessons before progressing to more 
complex uses. 


PARALLEL RC CIRCUIT 


In a circuit containing a resistance and a capacitance 
in parallel, the voltage of each circuit element will be 
the same as the source voltage. Further, there will be 
no phase difference among them. This is because they 
are all in parallel. 

There will be a phase difference among the total and 
branch currents, however. Current will be in phase with 
voltage in the resistive branch. It will lead the voltage 
across the capacitor by 90°. Total current will lead the 
source voltage by some angle between zero and 90°. 

In the parallel RC circuit, we do not find impedance 
through a vector sum. Instead, we apply Ohm’s law: 


Es 
Ir 

As stated, voltage in the parallel RC circuit is in 
phase with Jp, and it lags Jc by 90°. Thus, we can say 
that Ig lags Ic by 90°. The parallel RC circuit, then, 
has two current components — Ig and Jc. Both of these 
can be represented by phasors. Since they are out of 
phase, we cannot simply add the two components 
together to figure the total circuit current. We must 
find their phasor sum: 


Ir = VIp? ap le 


Z = 


Note that the phasor for Jc is above the horizontal 
reference. This is because Jc leads voltage—the 
horizontal reference for the parallel RC circuit. 

For the parallel RC circuit, phase angle is found on 
the current phasor diagram. The horizontal reference 
of this circuit is voltage, since it is common to all circuit 
elements. On the current phasor diagram, the 
horizontal component is / since it is in phase with 
voltage. The phase angle, then, is the angle between 
Tr and the total current. This is the phase displacement 
resulting from the reactive element. In the parallel RC 
circuit, phase angle is: 


uf 
arctan =E 
I 


R 


9 = 


Using the circuit with assigned values in Fig. 10-37, 
determine the phase angle between applied voltage and 
current. Draw the current phasor diagram and find the 
circuit impedance. 


Es = 20 Vac 


1 kHz 


Fig. 10-35. A parallel RC circuit. 
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Step 1. Compute the value of capacitive reactance, 
Xc. 


0.159 0.159 
X MÁ 
E (1 x 103 HDQ x 10-6 F) 7 RS 
Step 2. Compute branch currents. Using Ohm’s law: 
Es 20 V 
I = —= = SS = A 
E o 
Es 20 V 
I = —= = ~ = i 
ee 800 ae 


Step 3. Determine the phase angle to see by how much 
the circuit current leads the voltage. 


E lo _ 0.25A x: 7 
0 = arctan pe arctan DOES arctan 1.25 = 51.3 
Step 4. Draw the current phasor diagram. Use any 
convenient scale. Remember that Jp is drawn as the 
horizontal component. Jc is drawn upward at 90° 
from Zp since it leads voltage—the horizontal 
reference. See Fig. 10-38. 


Io = 0.25 A 


==——E 


Ip = 0.2 A 


Fig. 10-38. Current phasor diagram. 


Step 5. Find the total circuit current. 
Ir = VIp?2 + Ic? = V(0.2 A)? + (0.25 AP = 0.32 A 


Step 6. Find the impedance of the circuit. Using Ohm’s 
law: 


REVIEW QUESTIONS FOR SECTION 10.3 


eile 

27fC’ 
the capacitive reactancein______, 
equals capacitance in , and 
equals the frequency in 

2. Define capacitive reactance. 


1. In the equation Xç = equals 
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3. Find Xc in the circuit shown. 


4. Find the following values using the circuit 


shown. 
a. Z. 
b. Cos @. 


Es | 


(leads, lags) E by 


SUMMARY 


. Capacitance is that property of a circuit which 


opposes any change in voltage. 


. A capacitor is a device that temporarily stores an 


electric charge. It is made up of two plates of con- 
ductive material separated by insulation, called the 
dielectric. 


. Capacitance is measured in farads. Commonly used 


units are the microfarad (uF) and picofarad (pF). 


. Factors affecting capacitance are: 


a. Distance between plates. 
b. Plate area. 
c. Dielectric material. 


5. There are many types of fixed and variable 


capacitors. 


. RC time constant can be found using the equation: 


t (in seconds) = R (in ohms) x C (in farads) 


. Formulas for capacitors in series and parallel are: 


Series: 1 1 1 1 


= — — +— 


Cr Ci CG G 
and 


Parallel Cr = Ci + Ca + Coco 


. Working voltage is the maximum voltage that can 


be steadily applied to a capacitor without creating 
an arc. 


. The formula to find capacitive reactance is: 


l 
Xc = 
c 2rfC 


. Capacitive reactance (Xc) is opposition to the 


flow of an ac resulting from capacitance. 


11. 
Es 


Se 


14. 
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True power = I x E x.Cos 0. 
Apparent power = I x E. 


True power 
Power factor = a 
Apparent power 
ZER R—R + Xe. 
R 


TEST YOUR KNOWLEDGE, Chapter 10 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 


l. 
Bo 


3o 


Define capacitance. 

What safety precautions should be followed when 
working on radio and TV capacitors? 

With respect to dielectric constants, the larger the 
numberthe___________ (better, worse) it supports 
an electric field. 


. Capacitance is determined by: 


a. Dielectric material. 

b. Plate area. 

c. Distance between plates. 
d. All of the above. 


. The time constant of an RC circuit is equal to 


x 


. Determine total capacitance for: 


a. Two capacitors connected in series with values 
of 680 „F and 200 uF. 

b. Four capacitors connected in parallel with 
values of 25 pF, 60 „F, 2 pF, and 4 pF. 

c. Five capacitors connected in parallel with values 
of 1150 pF, 97 pF, 130 pF, 1240 pF, and 50 pF. 


. The symbol for capacitive reactance is 


It is measured in. and can be Pana 
using the formula 


. Acapacitor has a value of .1 „F. Find its reactance 


value at: 
a. 50 Hz. 
b. 100 Hz. 
c. 1000 Hz. 
d. 10 Hz. 


. As capacitance increases, Xc___. As fre- 


quency increases, Xc 


MATCHING QUESTIONS: Match each of the follow- 
ing terms with their correct definitions. 


16. 
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a. Apparent power. 
. Power factor. 

. True power. 

. Cos 0. 

. Impedance. 


N|~A eoa90 fF 


r ee 
. 1 x E XxCos @. 


. V R? + Xc?. 


True power 
Apparent power ` 


. A series circuit has 300 ohms resistance and .1 uF 


capacitance. It is connected to a 50 volt 400 Hz 
source. Find: 


monogp 
m 
D 


The frequency of the current in a circuit is 1000 
Hz. What are the reactance values of the follow- 
ing capacitors? 


a. .5 pF. 
b. .l pF. 
c. .05 uF. 
d. .01 pF. 
e. 00l pF. 


FOR DISCUSSION 


. Choose one type of capacitor and research it. Make 


areport to the class, addressing construction of the 
capacitor and its various applications. 


. Discuss the effect of using a common screwdriver 


to adjust a trimmer capacitor. Why is it necessary 
to use a plastic or fiber screwdriver? 


. Research the reason why a capacitor blocks dc, but 


passes ac. 


. Why does a theoretical circuit containing only 


capacitance consume no power? 


. Should a capacitor with a working voltage of 150 


volts be used in circuit with 117 volts ac supplied 
from your house circuit? Explain your answer. 


After studying this chapter, you will be able to: 

E Explain resonant frequency and how it affects 
various RCL circuits. 

Mi Discuss the characteristics of a series RCL circuit 
at its resonant frequency. 

E Discuss the characteristics of a parallel RCL circuit 
at its resonant frequency. 

Ml Describe filtering action. 

W List four types of filters and name various applica- 
tions of each. 


11.1 RCL NETWORKS 


The principles of resistance, capacitance, and induc- 
tance should be reviewed before studying combination 
circuits. 

1. In an ac circuit containing resistance only, the 
applied voltage and current are in phase. There is 
no reactive power. The power consumed by the cir- 
cuit is equal to the product of volts times amperes. 

2. In an aç circuit containing inductance only, the cur- 
rent lags the voltage by an angle of 90 degrees. They 
are not in phase. The power consumed by the cir- 
cuit is zero. 

3. In an ac circuit containing resistance and inductance, 
the current will lag the voltage by a phase angle of 
less than 90 degrees. The total resistive force is the 
vector sum of the resistance and the inductive reac- 
tance. This is the impedance of the circuit. 

4. In an ac circuit containing capacitance only, the cur- 
rent leads the voltage by an angle of 90 degrees. The 
power consumed is zero. 

5. In an ac circuit containing resistance and 
capacitance, the current will lead the voltage by an 
angle of less than 90 degrees. The impedance is 
equal to the vector sum of the resistance and the 
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TUNED CIRCUITS 
AND RCL NETWORKS 


capacitive reactance. 

6. In an ac circuit containing resistance, inductance, 
and capacitance (RCL circuit) in series, the resulting 
impedance is equal to the vector addition of R in 
ohms, X, in ohms, and Xc in ohms. 


RESONANCE 


A special condition exists in an RCL circuit when 
it is energized at a frequency at which the inductive 
reactance is equal to the capacitive reactance (X,_ = 
Xc). Since X, increases as frequency increases, and 
Xç decreases as frequency increases, there is one 
frequency at which they are both equal. This is the 
RESONANT FREQUENCY of the circuit, or fẹ. A 
series or parallel RCL circuit at resonant frequency is 
known as a TUNED CIRCUIT. 

In the vector diagram, Fig. 11-1, X, equals 100, Xç 
equals 100, and R equals 50. X, and Xç are opposing 
each other because they are 180 degrees out of phase. 


R= 502 X = 1002 


5 1002 
O eco R = 502 
> 
Xc = 1002 


Fig. 11-1. Resonance exists when X, = Xç and the circuit 
appears as a resistive circuit. 
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The algebraic sum of these vectors is zero, so only 
resistance of 50 ohms remains. The current and voltage 
are in phase. This particular circuit frequency may be 
figured using the resonant frequency formula: 


1 > 
2x V LC 
where f, equals resonant frequency in hertz, L equals 
inductance in henrys and C equals capacitance in 
farads. 
This formula is arrived at using the following steps: 


fo = 


At resonance, X = Xc or, 


1 
2ntL = 2rfC 


Move 27L to the right side of the equation by dividing 
both sides by 27L, 


f 1 


~ (2m)fLC 
Move f to the left side by multiplying both sides by f, 


f2 = a 
(2r) LC 


Take square root of both sides of the equation, 


1 
—— ooo 
2r y LC 


Simplify the equation further, 


= ,159 
.159 


VEC 


What is the resonant frequency of a circuit which 
has 200 „H inductance and 200 pF capacitance? 


Therefore, foe = (approximately) 


ne 159 
° 200 x 10 x 200 x 10772 
E 159 
~ ./40,000 x 10718 
159 159 159 


~ V4 x 104 x 10-18 V4 x 10% 9 2 x107 
08 x 107 x 800,000 Hz 


800 KHz or .8 MHz 


THE ACCEPTOR CIRCUIT 


The action of a series RCL circuit at its resonant 
frequency is drawn in Fig. 11-2. At resonance X, 
Xc, so the impedance of the circuit equals, 


A ARO 
= VR? orR 
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Only the ohmic resistance impedes the current flow in 
the circuit. In a series resonant circuit the impedance 
is minimum. At frequencies above or below the reso- 
nant frequency, X, is not equal to Xç and the reac- 
tive component INCREASES the impedance of the 
circuit. 

The response of a series tuned circuit appears as a 
bell-shaped curve, Fig. 11-3. Notice that the impedance 
of the circuit is minimum at resonance. Note also that 
maximum current flows at resonance and rapidly falls 
off on either side of resonance. This is due to the 
increased impedance, Fig. 11-4. This is called an AC- 
CEPTOR CIRCUIT. It provides maximum response to 
currents at its resonant frequency. 


XL 


Xc 


AT RESONANCE X, = Xç 


Fig. 11-2. The series resonant circuit is an acceptor circuit. 


Fig. 11-3. The curve shows the increase in impedance as the 
frequency is varied above or below resonance. 


Fig. 11-4. The response curve showing the current flow in the 


circuit above or below resonance. 


Tuned Circuits and RCL Networks 


Refer to Fig. 11-5. This circuit has 10 ohms of 
resistance, 200 „H of inductance, and 200 pF of 
capacitance. These components are connected across 
a 500 „V RF generator at 800 kilohertz. The resonant 
frequency of this RCL circuit is 800 kilohertz, so X, 
equals Xc at fo. Z equals 10 ohms and, 

Ee 500 x 10% 
Z 10 


Also, 


Xı = 2m x 800 x 103 x 200 x 1076 
= 1000 Q approx. 


and, 
= ee 
2a x 800 x 103 x 200 x 10722 


= 1000 Q approx. 


The voltage drops around the circuit equal, 


En = 50pA x 10 = 500 pV 
Ex, = 50 A x 1000 = 50,000 „V 
Exc = 504A x 1000 = 50,000 pV 
R= 100 
0 L 200 
C = 200 pfd 


Fig. 11-5. A series tuned acceptor circuit. 


X, OHMS 


Xo OHMS 


It appears that the sum of these voltages would be 
100,500 „V. However, Ex, and Ex, are 180 degrees 
out of phase. Therefore, a vector addition must be 
made, 


Esource = V (Ep)? + (Ex, — Exc)? 
= 500 pV 


Note that, at resonance, the voltage drops across X, 
and Xç are equal. Also, the voltage drop across R 
equals the source voltage. 

In a resonant circuit, an interchange of energy be- 
tween the inductance and the capacitance builds up 
voltage which exceeds the supply voltage. In the first 
half-cycle, the magnetic field of the inductance stores 
the energy of the discharging capacitor. In the next half- 
cycle, the stored energy in the magnetic field of the 
inductance charges the capacitor. This action occurs 
back and forth, limited only by the series resistance 
between the two components. At resonance, the charg- 
ing times for the inductance and capacitance must be 
the same, or they would have a cancelling effect. 


Summarizing the series tuned circuit: 

1. At resonance, the impedance is minimum and the 
line current is maximum. ag 

2. At resonance, the voltage drop, Ex, , is equal to 
Exc» but is 180 degrees out of phase. 

3. The vector sum of all voltage drops equals the 
applied voltage. Fig. 11-6 shows how values change 
as circuit frequency changes. 


THE TANK CIRCUIT 
Study Fig. 11-7. It shows a parallel tuned circuit. This 


type of tuned circuit behaves differently than a series 
tuned acceptor circuit. 


Z OHMS | pA 


33 520 

165 660 
495 990 
50,000 50,000 
1375 880 
900 400 
660 165 


Fig. 11-6. As circuit frequency changes, other values also change. The figures used are rounded to nearest 
whole number to ease understanding. Resistance of 10 ohms is insignificant. It is not included in computa- 
tions, except at resonance. 
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C DISCHARGES THROUGH L 
B 


Fig. 11-7. Thecharge and discharge of C through inductance 

L is similar to flywheel action. It is called a tank circuit. A— 

Capacitor charges. B—Capacitor discharges. C—Capacitor 
discharges in reverse direction. 


Switch S, is closed and capacitor C is charged to the 
supply voltage. When S, is opened, C remains charged. 
When S; is closed, the capacitor discharges through 
L in the direction of the arrows. As the current flows 
through L, a magnetic field builds around L. This field 
remains as long as the current flows. When the charges 
on the plates of C become equalized, current ceases to 
flow. The magnetic field around L then collapses. The 
energy stored in this field is returned to the circuit. In 
Chapter 9, we learned that the induced emf opposes the 
current change. 

This is also true in the parallel circuit. When the cur- 
rent drops to zero as a result of the discharged 
capacitor, a current is induced by the collapsing 
magnetic field. This then drives a charge onto the 
capacitor, but opposite to the original polarity. Later 
the capacitor discharges in the opposite direction. Once 
again the same cycle of events occurs. The capacitor 
again becomes charged as in its original state. This 
discharge-charge cycle repeats over and over. The cur- 


rent periodically changes direction in the circuit. It is 
OSCILLATING. 

The periodic current changes in the circuit may be 
described as FLYWHEEL ACTION. The circuit is 
called a TANK CIRCUIT. If no energy were used dur- 
ing the cycles of oscillation, the circuit might oscillate 
indefinitely. But there is always some resistance due 
to coil windings and circuit connections. This resistance 
uses up the energy stored in the circuit and dampens 
out the oscillation. The AMPLITUDE of each suc- 
cessive oscillation decreases due to the resistance. 

Compare the oscillators of a tank circuit to a child 
on a swing. The child may be swinging back and forth, 
or oscillating, but if no one adds a little push to the 
swing, the amplitude of the swing will decrease until 
it comes to rest. If not for friction or resistance, the 
swing might continue forever. Now if the swing was 
pushed every time it reached its maximum backward 
position, the added energy would replace the energy 
lost by friction. The full swinging action would 
continue. 

The tank circuit is similar. If pulses of energy are 
added to the oscillating tank circuit at the correct fre- 
quency, it will continue to oscillate. 

What is the meaning of correct frequency? During 
the discharge and charge of the capacitor C in Fig. 11-7, 
a set amount of time must pass. In other words, dur- 
ing one cycle of oscillation a set interval of time must 
pass. The number of cycles that occur in one second 
would be called the FREQUENCY of oscillation. It 
is measured in CYCLES PER SECOND (cps) or 
HERTZ (Hz). 

Close study of this circuit would reveal that if C or 
L were made larger so that they required a longer time 
to charge, the frequency of the circuit would decrease. 
This relationship may be shown using the resonance 
formula: 


1 


o = ay Eee 
where f, equals resonant frequency in hertz, L equals 
inductance in henrys, and C equals capacitance in 
farads. 

In electronic work, L usually has values in 
microhenrys (4H) and C in picofarads (pF). If this is 
the case, the equation may be simplified to, 


oe .159 
7 alte 

where f, equals resonant frequency in megahertz, L 
equals inductance in microhenrys, and C equals 
capacitance in picofarads. 
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THE REJECT CIRCUIT 


When a parallel tuned circuit is connected across a 
variable frequency generator, minimum line current 
flows at the resonant frequency of the tuned circuit, 
Fig. 11-8. The resonant frequency may be learned by 
observing the minimum value or “dip” in the line cur- 
` rent. This is measured by a current meter in the line. 
Radio transmitter operators always “dip the final.” This 
means that they tune the final tank circuit to resonance 
which is indicated by a dip in current flow in the final 
circuit. 

Since line current in the circuit at resonance is 
minimum, a parallel tuned circuit will have maximum 
line impedance (Z). At frequencies other than reso- 
nance, the impedance is much less. So, the circuit re- 
jects signals at or near its resonant frequency, and 
allows signals of frequencies other than resonance to 
pass. The characteristics are shown in the response 
curves in Fig. 11-9. 

Why does a parallel tuned tank present maximum 
impedance at resonance? At resonance, X} = Xc, and 
both have reactive values in parallel across the 
generator source. It would appear that these two reac- 
tive branches would combine to form a low reactive 
path for the line current. However, the current flow- 
ing in the X, branch is lagging the applied voltage. 
And the current in the Xç branch is leading the 
applied voltage. The currents, therefore, are 180 
degrees out of phase and cancel each other. The total 
line current is the sum of the branch currents. It is zero, 
except for a small amount of current which flows due 
to the resistance of the wire in the coil. 

An example may make clear these circuit charac- 
teristics. Refer to Fig. 11-10. A 200 »H inductor 
and a 200 pF capacitor are connected in parallel across 
a generator source of 500 pV. The resistance, 10 ohms, 
represents the lumped resistance of the wire of the 
inductor. These same parts were used in the study of 
the series resonant circuit. Compare the two. 


Fig. 11-8. A parallel LC circuit connected to a variable 
frequency generator. 


The resonant frequency of this tuned circuit is: 


E .159 
o° VLE ~ 4200 x 200 
159 — 
= 300 7 .8 MHz (approx.) 


(Note use of convenient formula when L is in pH, C 
is in pF, and f, is in megahertz.) 


At resonance: 


X_ = 2afL or 10009 


Fig. 11-9. A--Curve shows maximum impedance at resonant 
frequency. B-- Circuit response shows minimum line current at 
resonance. 


Fig. 11-10. This parallel resonant circuit has a 200 nH induc- 
tor anda 200 pF capacitor. They are connected in parallel across 
a 500 uV generator source. 
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The voltage across both branches of the parallel cir- 
cuit is the same as the applied voltage, or 500 nV. The 
current, therefore, in the X, branch is: 


1. = 500 uV _ 500 x10% 
XL ~ 1000 Q 103 


500 x 10° amps = .5 » amps 


The current in the Xç branch is: 


_ 300 nV _ 
ie = Tage Sees 


Since these two currents are 180 degrees out of phase: 


Ix, — Ixe = SpA — SpA = 0 


In this exercise, R has been overlooked because of 
its small value. However, some current will flow as a 
result of R. For frequency above and below resonance, 
the action of the circuit may be seen in Fig. 11-11. 

Note that the line current is the difference between 
the branch currents. Fig. 11-11 could be carried a step 
further to show the decreasing impedance due to fre- 
quencies other than resonance for, 


As I increases, Z must decrease. 
Q OF TUNED CIRCUITS 


The Q OF THE CIRCUIT is the link between 
inductive reactance and resistance in the circuit, or 
XL 
Oem R 
In a series circuit, for example, if the inductive reac- 
tance is 1000 ohms at resonance, and the resistance of 


the wire of the coil is 10 ohms, the FIGURE OF 
MERIT Q would be: 


FREQUENCY 
KHz 
V 


1000 
o =u 


The Q of a circuit indicates the sharpness of the reject 
or accept characteristics of the circuit. It is a quality 
factor. In the series acceptor circuit, an increase in 
resistance reduces the maximum current at resonance, 
Fig. 11-12. The Q may also be used to determine the 
rise in voltage across L or C at resonance: 


Ex, = Exe = Q x Es 


Refer back to Fig. 11-5. The supply voltage is 500 
uV and the Q is 100. Therefore, the voltage rise across 
X, or Xc at resonance is equal to: 


Ex, = Exe = 100 x 500 uV = 50,000 4V 


If the circuit had a lower Q, the magnified voltage 
would be much less. For example, increase R to 20 
ohms. Then the Q would equal 50 and the voltage rise 
would equal: 


Ex, = Ex.= 50 x 500 uV = 25,000 „uV 


HIGH O 


MEDIUM Q 


a— Í cm 


Fig. 11-12. As the Q of a circuit is lowered, the curve flattens 
out. Its selectivity decreases and its band pass increases. 


Ix, (HA) 


Ix, (yA) line (LA) 


Fig. 11-11. Circuit performance for frequency above and below resonance. 
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High Q circuits are very useful in selective electronic 
circuits. Typical Qs range from 50 to 250. The higher 
the value of Q, the greater response of the circuit at 
resonance. Also, a high Q circuit will have increased 
selectivity. Selectivity is set by bandwidth. Bandwidth 
is the band of frequencies above and below resonance 
in which the circuit response does not fall below 70.7 
percent (half power point) of the response at resonance. 

The bandwidth of the tuned circuit may be found 
by the formula: 

_ fo 

Bw Q 

Continuing with the previous problem, the bandwidth 
equals: 

_ 800,000 Hz 
E 100 

Since 800 kHz (the resonant frequency) is at the max- 
imum response point, the bandwidth will extend 4000 
Hz below resonance and 4000 Hz above resonance. The 
circuit may be considered, then, as passing all frequen- 
cies between 796 kHz and 804 kHz. Beyond either of 
these limits, the response will fall below the 70.7 per- 
cent value. 

Q may be computed for parallel tuned circuits using 
X, at resonance and R, which is the resistance of the 
coil L. The Q of a tank circuit may be used to learn 
the maximum impedance of the circuit at resonance: 


Z=Q x X, 


Bw = 8000 Hz 


where Z equals impedance at resonance, Q equals 

X xr 

a at resonance, and X, equals reactance at resonance. 
Referring back to Fig. 11-10, the impedance at 


resonance would be: 


Z = 100 x 1000 ohms = 100,000 ohms 


One final example, a resistance shunt across or in 
parallel with a tank circuit, is shown in Fig. 11-13. Rs 
is called a damping resistor. It broadens the frequency 


Rs 


Fig. 11-13. The resistor, R , is a damping resistor. It broadens 
the circuit response. 


171 


response of the circuit, because it carries a part of the 
line current which cannot be cancelled at resonance. 
Shunt damping lowers the Q of the circuit and makes 
it less selective. 


LOADING THE TANK CIRCUIT 


The parallel tuned circuit is used to couple energy from 
one circuit to another. Coupling transformers in radio 
and television sets use the tuned circuit to transfer signals 
from one stage to another. 

A radio transmitter uses a coupling device attached 
to a tank circuit to feed energy to the antenna system. 
If another coil is inductively coupled to the coil in the 
tank circuit, the varying magnetic field of the oscillating 
tank inductance will induce a current to flow in the coil. 

Fig. 11-14 shows the circuit of an intermediate fre- 
quency transformer used in a radio receiver. 

Both the primary and secondary of this transformer 
are tuned circuits. Maximum radio frequency energy 
transfer may be achieved by tuning the circuits to 
resonance. The intermediate frequency used in most 
radios is 455 kHz. (In television, 10.7 MHz IF is used.) 
The IF transformer is tuned for maximum response at 
this frequency. A band pass of 5 kHz above and below 
the center frequency is maintained. Signals between 450 
kHz and 460 kHz may pass without attenuation (decrease 
in amplitude or intensity). The process of transformer 
adjustment is called ALIGNMENT. 


i 


JW, MILLER CO. 


INPUT OUTPUT 


Fig. 11-14. Top. An intermediate frequency transformer used 
to couple energy from one tube to another in a radio receiver. 
Bottom. Schematic for the transformer. 
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REVIEW QUESTIONS FOR SECTION 11.1 


. Resonant frequency is a special condition of RCL 
circuits in which AN 

. Find the resonant frequency using the values 
given in the following circuit. 


. In a series resonant circuit, the impedance is 


. Periodic current changes in a tank circuit are 
described as : 

. Ina parallel tuned circuit, at resonance the circuit 
— Currents at the resonant frequency. 

. The relationship between X, and R in a circuit 


is stated by the of the circuit. 


11.2 FILTERING CIRCUITS 


Inductance and capacitance are quite useful in elec- 
tronic circuitry. One example of this usefulness is the 
filter. A FILTER is a circuit that separates specific 
frequencies. 

There are many filter designs. For example, they may 
be designed to pass low frequencies and reject high 
frequencies; to reject low frequencies and pass high 
frequencies; to either pass or reject specified frequency 
bands. 

Each filter type is named according to its function. 
There are four types of filters: low-pass, high-pass, band- 
pass, and band-reject. 

Thereis also a type of filter used to adjust a pulsating 
current coming from a rectifier. A RECTIFIER is a 
devicethat converts acinto a pulsating dc. Because most 
electronic circuitry needs a pure direct current, the de 
must be adjusted. This filter circuit adjusts the current. 
It will be discussed in Chapter 15, POWER SUPPLIES. 


FILTERING ACTION 


In the study of filtering action, these points should 

be reviewed: 

1. A capacitor will block a direct current, but will pass 
an alternating current. 

2. A conductor may carry a current which has both a de 
component and an ac component. 
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The graph in Fig. 11-15A shows the flow of a steady 
10 volt direct current. Fig. 11-15B shows an ac voltage 
whose peak value is 10 volts. Fig. 11-15C shows these 
two voltages combined. This wave depicts the sum of 
the two waves. 

Note the new axis of the ac voltage. It now varies above 
and below the 10 volt dc level. Because the axis has been 
raised by the dc voltage, the ac voltage no longer reverses 
polarity. The current is a varying direct current. 

Its amplitude varies between 0 and 20 volts. When this 
varying direct current is connected to a circuit, Fig. 
11-16, the capacitor C immediately charges up to the 
average dc level of voltage. In this case, that would equal 


10V 


20V 


10V 


0 


Fig. 11-15. A—Steady direct current. B— 10 volt peak alter- 
nating current. C—Combined dc and ac. 


Fig. 11-16. The ac generator and dc source are connected in 
series to the RC circuit. 
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10 volts. When the incoming voltage rises to 20 volts, lovj—— 
current flows through R to charge capacitor C. In the 
next half-cycle, the incoming voltage drops to zero, and 
capacitor C discharges to zero through R. 0 
IMPORTANT: A voltage appears across R due to the 
charge and discharge of C. The output of this circuit, 
then, taken from across R, represents only the ac com- 
ponent of the incoming signal voltage. See Fig. 11-17. 
The de component is blocked by capacitor C. There is 
little phase shift between the input and output waves. 
This is because the value of R is chosen as ten times or 
more the value of the reactance of C at the input voltage 
frequency. When this ratio of resistance to reactance 
is maintained, the phase shift does not affect the waves. 


lov 
1R DROP 


Fig. 11-17. The voltage across R is the result of the charge- 
discharge current and represents the ac component of the signal. 


EXPERIMENT: Select a 1 „F capacitor from your stock 
of parts. Connect the circuit as shown in Fig. 11-18. 
60 Hz ac will be used in this experiment. Compute 
the reactance of C: 


-16 16 

fc "60 x 1x 10% 
0026 x 108 

2600 ohms 


Xc 


: Fig. 11-18. This circuit shows a dc signal component being 
R should equal 10 times Xc or 26,000 ohms. A blocked and an ac component being passed. 


25,000 ohm resistor is suitable for this experiment. 
Connect the 6.3 volts (rms) terminals of a power 
supply in series with the 10 volt dc supply. Connect 
to the circuit. Measurements across C with a de 
voltmeter should read 10 volts. An ac meter across 
the same points should read zero. An ac meter across 
R should read 6.3 volts and a de meter, zero. 
CONCLUSIONS: The de component of the incom- 
ing signal appears across C. The ac component 
appears across R. This important principle will be Es = 10Y DC 
discussed in more detail in later chapters. It is called 
RC coupling. 


R,= 15000 


BYPASSING 
A 

At times it is necessary to create a voltage drop across 
a resistor resulting from only the dc component of a R= 15000 
signal voltage. This is done by bypassing an ac signal 
or voltage around a resistance. Circuits that do this task 
are shown in Figs. 11-19A and 11-19B. 

Fig. 11-19A shows two 1500 ohm resistors joined to E¿ =10Y AC 
a source of 10 volts dc. Total resistance equals Ri + 
R- or 3000 ohms. The current in the circuit is: 


| = E or ARA .0033 amps or 3.3 mA 


R 30000 — 
The voltage drop across each resistor is: 
Er, = I x R or .0033 x 1500 

Er, = I x R or .0033 x 1500 


B 


Fig. 11-19. A—A dc voltage produces equal drops across Rs 
3V and R2. B—The voltage drop across Ra is held constant by 
5 V bypassing the ac component. 


il 
lI 
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Connect a 10 volt ac source now and an ac voltage 
will appear across BOTH resistors. But we wishto bypass 
this ac component around R2. To do this, connect a 
capacitor that will have low reactance to the ac voltage 
in parallel with R2. If the reactance of C is one-tenth 
of resistance R, the greater part of the varying current 
will flow through C and not through R. 

Now use the values given in Fig. 11-19B. C has a 150 
ohm reactance to the ac frequency. Thisis one-tenth the 
value of R2. For the most part, the impedance of 
R¿lX¿ (R: and Xç in parallel) can be given a value of 
150 ohms. Voltage distribution around the circuit may 
be measured or computed. 

Total resistance equals R; + R2IlX¢ or 1650 ohms, 
and R2llX¿ represents one-eleventh of the total 
resistance to alternating current. Because voltage drop 
is a function of resistance, ten-elevenths of the voltage 
appears across R, and only one-eleventh across 
R¿IIX¿. The applied ac voltage is 10 volts, so: 


Er, = 9.1 Vand Ep, = .9 V 


If a 10 V dc voltage is connected in series with the 
10 V ac voltage for the combined input voltage, the de 
voltage divides equally between R; and R2 with 5 volts 
each. C is an open circuit for a direct current. 

The ac voltage divides in the ratio mentioned above. 
Most of this voltage appears across R¡. The voltage 
across Rz remains fairly constant due to the bypass 
capacitor action. 

To summarize: choose a capacitor which will form 
a low reactance path around a resistor or to ground for 
currents of chosen frequencies. 


LOW-PASS FILTERS 


At times, a filter is needed which will pass low 
frequencies, yet decrease the high frequency currents. 
This filter is called a LOW-PASS FILTER. The circuit 
always has a resistance or an inductor in series with the 
incoming signal voltage. And it also has a capacitor in 
shunt or across the line, Fig. 11-20. 

As the frequency is increased, the reactance of L 
increases so that a larger amount of the voltage appears 


INPUT 3 Reeve 


Fig. 11-20. A low-pass filter circuit. 


across L. Also as the frequency increases, the reactance 
of C decreases. This provides a bypass for the higher 
frequency currents around the load resistance R. 

In both respects, the higher frequencies appear in small 
amounts across the load. Low frequencies develop 
higher voltages across the load. Low frequencies are 
passed, high frequencies are rejected. 


HIGH-PASS FILTER 


The opposite to the low-pass filter is the HIGH-PASS 
FILTER. It passes chosen high frequency current and 
rejects low frequency currents. The circuit includes a 
capacitor in series with the incoming signal voltage and 
an inductance shunt across the line, Fig. 11-21. As the 
frequency increases, Xq increases. A higher voltage is 
developed across L and R in parallel. As frequency 
increases, Xç decreases, providing a low reactance path 
for high frequency signals. Low frequencies are shunted 
or bypassed around the load R by the low reactance of 
L at low frequencies. 

Toimprove the filtering action of both low- and high- 
pass filters, two or more sections are often joined. These 
sections are named according to the circuit make-up. 
In Fig. 11-22, the schematic drawings and the names of 
several types of filters are given. 


c 
INPUT RLoao 


Fig. 11-21. A high-pass filter circuit. 


Fig. 11-22. Filter circuits may be named according to circuit 
configuration. 
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TUNED CIRCUIT FILTERS 


Earlier in this chapter, series and parallel resonant 
circuits were said to be accept or reject circuits. These 
tuned circuits may be used as filters because they are able 
to give maximum response at their tuned resonant 
frequency. 

In Fig. 11-23, a series resonant circuit is used as a band- 
pass filter. It accepts only currents near its resonant 
frequency. In Fig. 11-24, the series resonant circuit is 
shunted across, or parallel to, the load. This provides 
alow impedance path around or bypassing the load for 
currents at resonant frequencies. In this case the filter 
would respond as a band-reject filter. 

The circuits in Fig. 11-25 use a parallel tuned circuit. 
Its effect is the opposite of the series tuned circuit. When 
the tank circuit is in series with the incoming currents, 
it provides maximum impedance. It rejects the frequen- 
cies at its resonant frequency. When the tank circuit is 
shunt across the load, it causes the maximum response 
across the load at resonance. Frequencies other than 
resonance are bypassed because of the decreased 
impedance of the shunt tuned tank circuit. 

Combinations of both series and parallel tuned 
circuits may be used to provide sharper cutoff and 
greater attenuation. A high-pass filter attenuates all 
signals below Channel 2, yet all TV channels are 
passed through to the receiver. This eliminates noise 
interference. 


THE NOMOGRAPH 
The nomograph, or alignment chart, shown in Fig. 


11-26, provides a rapid and handy method for solving 
problems involving X,, Xc, and resonance. These 


Fig. 11-23. The series tuned circuit used as a band-pass filter. 


examples will aid you in using and understanding this 

chart. 

1. What is the reactance of a .01 «F capacitor at 10 kHz? 
Use upper chart. Place a ruler or straight edge at 10 
kHz on the frequency scale and .01 on the capaci- 
tance scale. The rule crosses the reactance scale 
at 1590 ohms. 


BAND REJECT 


RL 


Fig. 11-24. A series tuned circuit arranged as a band-reject 
filter. 


BAND REJECT RL 


A 


Fig. 11-25. A—The parallel tuned circuit as a band-reject filter. 
B—The parallel tuned circuit as a band-pass filter. 
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REACTANCE—FREQUENCY CHART 


A straight edge across known values in any two columns will locate the 
corresponding values in the other two columns. For example take an 
inductance of 1 henry at 50 hertz. A straight edge across these points will 
intersect the reactance line at 310 ohms, and the capacity line at 10 mfd. 
indicating the capacity required for resonance. 
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Fig. 11-26. Nomograph or alignment chart. 
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2. What is the reactance of an 8 henry choke coil at 60 
Hz? Use lower chart. Place rule on 60 Hz and 8 H 
and read 3014 ohms. 

3. What is the resonant frequency of a tuned circuit 
when C equals 250 pF and L equals 200 mH? Use 
upper chart. Place rule on 200 mH and 250 pF and 
read 22.5 kHz on frequency scale. 


REVIEW QUESTIONS FOR SECTION 11.2 


. Circuits that separate ac variations from dc are 


A will pass ac and block dc. 
. Inalow-pass filter, the 
rejected. 
. When a series resonant circuit is used as a band- 
pass filter, it accepts only current near its 


are 


. What is a nomograph? 


SUMMARY 


1. Networks are ac circuits which have resistors, 
capacitors, and inductors placed in the circuit to 
pass, reject, or control current. 

. Resonant frequency of a circuit occurs when the 
inductive reactance (X1) is equal to the capacitive 
reactance (Xc). 

. The formula for the frequency of resonance is: 

1 


f. = 
"Dn are 


It can be simplified to: 
f= 59 
* Te 


4. Ina series resonant circuit, the current is maximum 
and the impedance is minimum at the resonant 
frequency. 

. Tank circuits oscillate, providing an ac signal at a 
desired frequency. A tank circuit schematic is shown 


below. 


. Inaparallel resonant circuit, the current is minimum 
and the impedance is maximum at the resonant 
frequency. 

. Parallel resonant circuits reject currents at resonant 
frequency. 


l 


1 


8 


9, 


0. 


Jl. 


. Series resonant circuits pass currents at resonant 
frequency. 

The Q of a circuit describes the relationship 
between X, and R. The formula is: 


_ XL 
SO 


Four types of filtering circuits are: 

a. Low-pass filter. 

b. High-pass filter. 

c. Band-pass filter. 

d. Band-reject filter. 

A nomograph is a chart that can be used to solve 
problems involving X,, Xc, and resonance. 


TEST YOUR KNOWLEDGE, Chapter 11 


Please do not write in the text. Place your answers 


on a separate sheet of paper. 


— 
Coo 00 ~) 


le 
2: 


What is the formula for resonance? 
Compute the resonant frequency of the following 
circuits: 
a. L = 100 H, C = 250 pF. 
b. L = 200 H, C = 130 pF. 
c. L = 8uH,C = 1 pF. 
. A Series resonant circuit is sometimes called an 
circuit. £ 
. Explain flywheel action of a tank circuit. 
. A parallel tuned circuit is sometimes called a 
circuit. 
. At resonance in a parallel tuned circuit, line current 
is : 
. State the formula for determining the Q of a circuit. 
. A filter is a circuit that separates specific 
. Name four general types of filters. 
. Distinguish between a high-pass and a low-pass 
filter. 


FOR DISCUSSION 


. How can a series resonant circuit develop voltages 


higher than the applied voltage? 


. Explain flywheel action and relate it to frequency. 
. A simplified formula for resonant frequency is 


4, 


77 


5 


.159 
E P. ae 
o = TE: where fo is in MHz, L is in pH, and 


C is in pF. Explain mathematically the derivation of 
1 


ay 


this formula from fọ = a 


Why is resonance indicated by a dip in the line cur- 
rent of a parallel RCL circuit? 

What is the relationship between the Q and the selec- 
tivity of a tuned circuit? 
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Current flow through conductor in a magnetic field 


Schematic shows the theory of dc motor operation. Current can be 
determines the relative motion of the conductor. 


traced from external power source, through brushes and commutators 
to armature. 


~An ld 
DEVRY INSTITUTES 


This student is using an electric motor to drive a robotic arm. 


Electric motors are important to most of the technology humans use. Motors depend on the 
principles of magnetism, force, power, and electricity. Motors are similar to generators. 
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Chapter 12 


ELECTRIC MOTORS 


After studying this chapter, you will be able to: 
Explain the operating principles of dc motors. 
Identify various dc motors. 

Discuss the purpose for and operation of motor 
Starting circuits. 
Identify and explain the operation of various induc- 


f Fig. 12-1. A magnetic field exists between the north and 
tion motors. south poles of a permanent magnet. 


One of the most important developments in the field _t 
of electricity is the ELECTRIC MOTOR. It is a device 
that converts electrical power to mechanical power. 
Motors are used for refrigeration and air condition- 
ing. They are also used to mix foods and clean carpets. 
Motors are used to operate grinders, mixers, pumps, 
and other machinery. Motors also power bench saws, 
lathes, and various wood and metal machines. Fig. 12-2. An electromagnet is wound on an iron core and the 
core is placed on a shaft so it can rotate. This assembly is called 


12.1 MOTOR OPERATION PRINCIPLES the armature. 


Motor operation depends on the interaction of 
magnetic fields. The Laws of Magnetism state that: 


LIKE POLES REPEL EACH OTHER 
UNLIKE POLES ATTRACT EACH OTHER 


or 
A NORTH POLE REPELS A NORTH POLE 
A SOUTH POLE REPELS A SOUTH POLE Fig. 12-3. The armature is placed in the permanent magnetic 
field. 
but 


A NORTH POLE ATTRACTS A SOUTH POLE 
FIELD WINDINGS. These windings may have an 
The theory of the simple de motor is shown in Figs. independent source of voltage connected to them. Or, 
12-1 through 12-9. they may be connected in series or parallel with the 
To make the motor more powerful, permanent field armature windings, to a single voltage source. All three 
magnets may be replaced by electromagnets, called types are shown in Fig. 12-10. 
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Fig. 12-4. The ends of the armature coil are connected to 
semicircular sections of metal called commutators. Brushes con- 
tact the rotating commutator sections and energize the armature 
coil from an external power source. (Recall that the polarity of 
the armature electromagnets depends on the direction of current 
flow through the coil.) A battery is connected to the brushes. 
Current flows into brush A to commutator section A, through 
the coil to section B, and back to the battery through brush B, 
completing the circuit. The armature coil is magnetized as in- 
dicated in the sketch. 


Fig. 12-5. The north pole of the armature is repelled by the 

north pole of the field magnet. The south pole of the armature 

is repelled by the south pole of the field magnet. The armature 
turns one quarter revolution, or 90 degrees. 


Fig. 12-6. The north pole of the armature is attracted by the 
south pole of the field magnet. The south pole of the armature 
is attracted by the north pole of the field. The armature turns 
another quarter turn. It has now turned one-half revolution. 
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Fig. 12-7. As the commutator sections turn with the 

armature, section B contacts brush A and section A contacts 

brush B. The current now flows into section B and out section 

A. The current has been reversed in the armature due to com- 

mutator switching action. This current reversal changes the 

polarity of the armature, so that unlike poles are next to each 
other. 


Fig. 12-8. Like poles repel each other and the armature turns 
another quarter turn. 


Fig. 12-9. Unlike poles attract each other and the armature 

turns the last quarter turn, completing one revolution. The com- 

mutator and brushes are now lined up in their original positions, 

which causes the current to reverse in the armature again. The 

armature continues to rotate by repulsion and attraction. The 

current is reversed at each one-half revolution by the 
commutator. 


Construct a trial motor, Fig. 12-11. Connect the 
motor first in series, then in parallel as a shunt motor. 
Compare the speed and power of the two motors. 

In industry, motors are made in a slightly different 
manner than discussed. Rotational force comes from 
the interaction between the magnetic field found 
around a current carrying conductor and a fixed 
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Fig. 12-1 O. Sketches and schematic diagrams of field winding connections. A—Shunt wound motor 
is connected in parallel. B—Series wound motor. C—Independently excited field motor. 


El 


Fig. 12-11. The trial motor may be set up to operate as a series or shunt motor. 


magnetic field. A conductor carrying a current has a 
magnetic field around it. The direction of the field 
depends on the direction of the current. When this con- 
ductor is placed in a fixed magnetic field, the interac- 
tion between the two fields causes motion. See Figs. 
12-12 through 12-16. 


Armature coils on industry motors are connected to 
commutator sections, as in the trial motor. The theory 
of operation is similar. A practical motor has several 


armature coils wound in separate slots around the core. 
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Each coil has a commutator section. Increasing the 
number of field poles gives the motor greater power. 
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Fig. 12-12. A magnetic field exists between the poles of a 
permanent magnet. The arrows indicate the direction of field. 


© 


Fig. 12-13. A current carrying conductor has a magnetic field; 
its direction depends on direction of current. Use the left hand 
rule to determine direction. 
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Fig. 12-14. The field around the conductor flows with the per- 

manent field above the conductor, but opposes the permanent 

field below the conductor. The conductor will move toward 
the weakened field. 


Fig. 12-15. The current has been reversed in the conductor, 

causing the conductor field to reverse. Now the field is rein- 

forced below the conductor and weakened above the conduc- 
tor. The conductor will move up. 
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Fig. 12-16. The single conductor is replaced by a coil of con- 

ductors wound in the slots of an armature core. Notice how 

the interaction of the two fields will produce rotation. Coil side 

A moves up and coil side B moves down. The rotation is 
clockwise. 


Fig. 12-17. The torque of the motor is increased by adding 
armature coils and field coils. 


A four-pole motor is sketched in Fig. 12-17. The cur- 
rent divides into four parts. The current flowing in 
windings under each field pole produces rotation. This 
then increases the turning power, or TORQUE, of the 
motor. l E 


COUNTER EMF 


In Chapter 7, you learned that when a conductor cuts 
through a magnetic field, voltage is induced in the mov- 
ing conductor. And while a motor is meant to convert 
electrical energy into mechanical energy, when the 
armature begins to rotate, the motor also becomes a 
generator. 

The induced electromotive force opposes the applied 
emf. It is called COUNTER EMF. It is a result of the 
generator action of the motor. The counter emf 
magnitude increases as the rotation speed and field 
strength increase. Therefore, 


Counter emf = Speed x Field strength xK 


K equals other constants in any motor, such as the 
number of windings. The actual effective voltage then 
applied to the windings in the armature must equal, 


Esource = Ecounter = Earmature 

The current flowing in the armature windings at any 
given instant may be found using Ohm’s Law when the 
ohmic resistance of the windings is known: 


Earmature 


Jarmature = R 
armature 
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COMMUTATION AND INTERPOLES 


As the motor armature rotates, the current in the 
armature windings routinely reverses. This is caused 
by commutator action. Due to the self-inductance of 
the windings, the current does not instantly reverse. 
This results in sparking at the commutator brushes. 

There are a number of methods for preventing 
sparks. In one method, the brushes are moved slightly 
against the direction of rotation and the counter emf 
is used to induce the previous pole. The counter emf 
opposes the self-induction caused by the decreasing cur- 
rent in the coil. Sparking is eliminated. 

However, this is not a practical method for prevent- 
ing sparks. That is because as the load varies on the 
motor, the brush position must be changed by hand. 
Instead, larger motors use interpoles to reduce the 
sparking. An INTERPOLE is a smaller field pole 
placed midway between main field poles. The inter- 
pole has the same polarity as the main field poles and 
follows the main pole in direction of rotation. Inter- 
poles are also called COMMUTATING POLES. 

A counter emf is developed as the armature passes 
the interpole. It overcomes the emf caused by self- 
induction in the armature windings. The windings of 
the interpole are connected in series with the armature 
and carry the armature current. Thus, interpole field 
strength varies as the load varies. And it provides 
automatic control of commutator sparking, Fig. 12-18. 


SPEED REGULATION 


Many motors are designed for special purposes. 
Some develop full power under load. Others must be 
brought up to speed before the load is applied. 


INTERPOLE 


— 


Fig. 12-18. Interpoles reduce sparking at the commutator. 
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When the speed for a motor is determined on the 
job, the motor should maintain that speed under vary- 
ing load conditions. A ratio of the speed under no-load 
to the speed under full-load can be expressed as a 
percentage of the full-load speed. This is called the 
PERCENT OF SPEED REGULATION and it equals, 

Speed no-load — Speed full-load 
Speed full-load de 

A low speed regulation percentage means that the 
motor operates at a somewhat constant speed, 
regardless of load applied. 


REVIEW QUESTIONS FOR SECTION 12.1 


. The motor is used to convert energy 
into energy. 
. Outline how a simple dc motor operates. 


. The turning power of a motor is called the 


. An 


is a smaller field pole placed mid- 
way between main field poles. 

. Give the formula to find percent of speed 
regulation. 


12.2 DC MOTORS 
THE SHUNT DC MOTOR 


The shunt motor has the field windings shunt across 
or in parallel to the armature, Fig. 12-19. The shunt 
motor is commonly called a CONSTANT SPEED 
MOTOR. It is used in driving machine tools and other 
machines needing relatively constant speed under vary- 
ing loads. 

In the shunt motor, both the field and the armature 
are connected across the power line. Under no-load 
conditions, the counter emf is almost equal to the line 
voltage. Very little armature current flows and very lit- 
tle torque is developed. When a load is applied and 


SHUNT 
FIELD , 


Fig. 12-19. Schematic of a shunt motor. 
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the armature decreases its speed, the counter emf also 
decreases. This increases the armature current and the 
torque. When the torque matches the load, the motor 
remains at constant speed, Fig. 12-20. 

The total current used by this motor is the sum of 
the field and armature currents. The input power may 
be computed using Watt’s Law: 


Power =Applied E x Total Current 


The output power will be different because the motor 
is not one hundred percent efficient. 


THE SERIES DC MOTOR 


In the series wound motor, the field windings are 
connected in series with the armature windings, Fig. 
12-21. All the line current must flow through both the 
field and armature windings. Under loaded conditions, 
the counter emf opposes the line voltage and keeps the 
current at a safe level. 

If the load were suddenly removed, the armature 
would speed up and develop a higher counter emf 
(cemf). This would reduce the current flowing through 
the field and reduce the field strength. In turn, the motor 
would increase its speed because: 


cemf 


sd en AA 
peed Field Strength x K 


HIGH COUNTER EMF 


LOW ARMATURE CURRENT 


Q 
XL 
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LOW TORQUE 


DECREASED COUNTER EMF 


INCREASED ARMATURE CURRENT 


FULL-LOAD 


INCREASED TORQUE 


Fig. 12-20. Shunt motor load conditions. 


SERIES 
FIELD 


Fig. 12-21. Schematic of a series motor. 
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This action builds on itself. The motor would reach 
a speed where the armature would fly apart, due to 
centrifugal force. Thus, a series motor is never operated 
without a load. Furthermore, the series motor should 
be connected directly to a machine or through gears. 
It is not safe to use a belt from motor to machine. If 
the belt should break or slip off, the motor would “run 
wild” and may destroy itself. 

A key advantage of the series motor is its ability to 
develop a high torque under load. Under load condi- 
tions, the armature speed is low and the cemf is low. 
This results in a high armature current and increased 
torque. Series motors have heavy armature windings 
to carry these high currents. As the motor increases 
in speed, the cemf builds up, the line current decreases, 
and the torque decreases. Series motors are used on 
electric trains, cranes and hoists, and other traction 
equipment. 


COMPOUND DC MOTORS 


The compound motor has both the series and the 
shunt field. It combines the good points of each type 
of motor, Fig. 12-22. 

The series windings also carry the armature current. 
It consists of a number of heavy turns of wire. The 
shunt field winding consists of many turns of finer wire. 
Both windings are wound on the same field poles. 

There are two methods used to connect these wind- 
ings. If the magnetic field on the series winding aids or 
reinforces the magnetic field of the shunt winding, the 
motor is said to be a CUMULATIVE COMPOUND 
MOTOR. If the two windings are connected to oppose 
each other magnetically, the motor isa DIFFERENTIAL 
COMPOUND MOTOR. A detailed study of compound 
motors is beyond the scope of this text. However, the 
characteristics of different types should be noted. 

The differential compound motor behaves much like 
the shunt motor. The starting torque is low. It has good 
speed regulation if loads do not vary greatly. However, 
it is not widely accepted. 


SERIES FIELD 


Fig. 12-22. Schematic of a compound motor. 
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The cumulative compound motor develops high 
starting torque. It is used where heavy loads are applied 
and some variance in speeds can be tolerated. The load 
may be safely removed from this motor. 


MOTOR STARTING CIRCUITS 


Armature resistance in most motors is quite low. 
When the motor is stopped or at low speed, very little 
cemf is developed to oppose the line voltage. Therefore, 
dangerously high currents will flow. To protect the 
motor until it builds up its speed and cemf, a current 
limiting resistor may be placed in series with the 
armature. 

A simplified motor starting circuit is drawn in Fig. 
12-23. The resistance is variable. Starting from a dead 
stop, Maximum resistance is inserted in the armature 
circuit. As the speed builds up, the resistance is slowly 
decreased until the motor reaches full speed. The 
resistance may then be removed. 

Using Ohm’s Law, assume the armature resistance 
is .1 ohm and the applied voltage 100 volts. Then the 
initial armature current would be: 


ns = = or 1000 amps 


This current would burn the insulation off the wires 
and the motor would be destroyed. When the motor 
is up to speed and cemf has developed, then the voltage 
across the armature is equal to, 


Eime = cemf = Earmature 

If the motor develops a cemf of 95 volts as it 

approaches full speed, the armature current would be: 
_ 100 V — 95 V 


Larmature T 1 or 50 amps 


This is a safe current for this motor armature to carry. 
Therefore, start the motor with the full series resistance 
in the armature circuit. Then gradually decrease the 


VARIABLE 
STARTING RESISTANCE 


Fig. 12-23. Simplified motor starting circuit. 


resistance until the motor can limit the current by it 
own cemf. 

Starting resistance may be adjusted by hand using 
a lever. The lever decreases the resistance step-by-step, 
until the motor reaches full speed, Fig. 12-24. 

In Step 1, the maximum resistance is in series. With 
each following step, the resistance decreases. At Step 
4, the lever arm is held magnetically by the holding coil, 
which is also in series with the circuit. If the line voltage 
should fail, the lever arm would snap back to the off 
position and the motor would have to be restarted. This 
is a protective device. 

Operators must use good judgment when starting a 
motor. They must not move the lever to the next lower 
resistance position until the motor has gained sufficient 
speed. 

Automatic starters remove the possibility of human 
error and also permit remote starting of the motor. 
Several devices are used. 

Fig. 12-25 shows one type of starting switch. When 


FIELD 


HAND STARTER FOR SERIES MOTOR 
Fig. 12-24. Typical step motor starter circuit. 


Fig. 12-25. Circuit for an automatic motor starter. 
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line switch S is closed, voltage is applied to the field 
across the line. It is also applied to the armature 
through R,, Ra, and R; in series with the armature 
CONTACTORS C,, C2, and C3. The contactors will 
not close until the current has decreased to a preset 
value. 

The first surge of current in the armature circuit 
flows through series coil of C, which holds it open. 
As the motor increases speed and the armature cur- 
rent decreases, C; contactor closes and cuts R, out of 
the circuit. Similar action occurs in C,and C3. When 
the motor reaches full speed, all contactors will be 
closed. The protective resistance is no longer needed. 

One more type of motor starter is the PUSH- 
BUTTON STARTER. You may have seen motors 
equipped with starting boxes containing red and black 
push buttons marked stop and start, Fig. 12-26. The 
circuit diagram is shown in Fig. 12-27. 

This starter is a relay switch which operates on only 
a momentary pulse of current. Follow the action. When 
the black button is pushed, the contacts close and 
energize the relay coil, which closes contact S. The 
push button does not have to be held down because 
once the relay switch is closed, it remains closed or 
LOCKED OUT. The closed switch S completes the cir- 


Fig. 12-26. Push button starter. 


START- STOP 
BLACK BUTTON RED BUTTON 


NORMALLY 
CLOSED 


NORMALLY OPEN 


TO MOTOR 


Fig. 12-27. Circuit of push-button starter showing how relay 
is “locked out.” 


cuit to the motor or device. The contacts of the stop 
or red button are normally closed. To stop the motor, 
a brief push on the red button opens the circuit to the 
relay. This allows contact S to open. For larger motors, 
the push button starter may be used to trigger other star- 
ting devices. 


THYRISTOR MOTOR CONTROLS 


The thyristor is a family of semiconductor devices 
that includes the silicon controlled rectifier (SCR) and 
the triac. These devices are used in many circuits, 
including motor controls, to control the speed of a 
motor, Fig. 12-28. 

A half-wave SCR motor control circuit is shown in 
Fig. 12-29. This circuit controls up to seven amps in 
a universal motor. These are often found in hand drills 
and hand saber saws. 

The triac controls the full ac wave, while the SCR 
only controls half the wave. A full-wave triac circuit 
is shown in Fig. 12-30. 

Fig. 12-31 shows a number of SCR packages. The 
pencil points to an unencapsulated pellet. The two types 
in the foreground can handle less than an amp of cur- 
rent. The larger types can control up to 2000 amps. 


CATHODE 
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Fig. 12-28. Schematic symbols for two types of thyristors. 
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Fig. 12-29. Half-wave SCR motor control (RCA circuit). 
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Fig. 12-30. 


Fig. 12-31. A variety of SCR packages. 


THE UNIVERSAL MOTOR 


The Laws of Magnetism were used to explain the 
operation of the dc motor. But, will a dc motor operate 
on alternating current? Yes, to a limited extent. 

With an alternating current the poles of both the field 
and armature windings will periodically reverse. 
However, since two north poles repel each other, as 
do two south poles, motor action continues in the dc 
motor when ac is applied. For best results a series motor 
should be used. When the shunt motor is connected 
to ac, the inductance of the field windings causes a 
phase displacement. Motor action will be impaired. 
Conduct an experiment. Connect the dc motor made 
in the laboratory as a series motor. Apply about 6 to 
8 volts ac to its terminals. 

When a universal type motor is used in industry, the 
series wound type is preferred. These motors are not 
used for heavy-duty purposes because of the large 
amount of sparking at the brushes. Commercial types 
are used for small fans, drills, and grinders. 


LOAD SOCKET 


Triac motor control (RCA circuit). 


REVIEW QUESTIONS FOR SECTION 12.2 


1. Name the type of motor shown in the follow- 
ing schematic. 


SHUNT 
FIELD 


. What is a key advantage of a series motor? 

. There are two types of compound motors. Name 
them. 

. areatypeof starting switch that will 
not close until the current has decreased to a 
preset value. 

controls a half-wave of ac. 


A 
. SCR. 


. Triac. 
. Universal motor. 


a 
b 
c 
d. None of the above. 


12.3 INDUCTION MOTORS 


The induction motor is a special class of motor. It 
is designed to operate on alternating current. It is made 
with the usual field poles and windings. The field poles 
and windings remain stationary and are called the 


STATOR, Fig. 12-32. An alternating current is con- 
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nected to these field coils. The polarity of the coils 
changes from time to time, based on the frequency of 
the current. 
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Fig. 12-32. A fractional horsepower induction motor. Notice the stator coils and rotor. 


Think of these windings as the primary of a 
transformer. Another coil of wire closely coupled to 
this primary will induce a current to flow in it. Accord- 
ing to Lenz's Law, then, the induced current will pro- 
duce a field polarity opposite to the field which causes 
it. In this case that is the primary or stator windings. 
Therefore, there is an attractive force between the two 
coils. 

In the induction motor these secondary coils are 


mounted in slots in a laminated armature. The 
armature is called the ROTOR. See Fig. 12-33. This 
motor will not start rotation, it will only hum. If started 
by hand, it will keep rotating at a speed of 3600 rpm, 
at 60 Hz ac. The 3600 is derived from 60 x 60 = 3600, 
or the number of cycles per minute. The alternations 
of the ac are functioning like the commutator in a dc 
motor. The current and polarity in both reverse 
routinely. 


DELCO--REMY DIV., GENERAL MOTORS CORP. 


Fig. 12-33. The rotor and centrifugal switch assembly in an 
induction motor. 
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Fig. 12-34. The electrodemonstrator set up as an ac motor. 


Replace the armature on the laboratory made motor 
with the ac rotor, Fig. 12-34. Connect the field wind- 
ings to a 6 volt ac source. The motor will not start by 
itself. But twirl the rotor with your fingers, and the 
motor continues to rotate. Some method is needed to 
start the induction motor. 


THREE-PHASE INDUCTION MOTOR 


A three-phase alternating current has three separate 
currents. They are 120 degrees out of phase with each 
other. This type of ac can produce a rotating magnetic 
field in the stator. If the field rotates, then the rotor 
will follow the field around. 

Part of a three pole stator is drawn in Fig. 12-35, 
Phase 1 current is connected to Pole A. Phase 2 is con- 
nected to Pole B. Phase 3 is connected to Pole C. When 
Phase 1 rises to maximum, the rotor is attracted to Pole 
A. As Phase 1 starts to decrease, Phase 2 rises to max- 
imum. It attracts the rotor to Pole B. As Phase 2 starts 
to decrease, Phase 3 rises to maximum. It attracts the 
rotor to Pole C. Starting again with Pole A and Phase 
1, the field rotates around the stator and attracts the 
rotor with it. The phase relationship between currents 
is shown using sine waves in Fig. 12-36. 

The rotor consists of a laminated iron cylinder with 
heavy closed loops of copper wire. These are imbedded 
in slots around the surface. Because the rotor looks 
like a cage, it is called a SQUIRREL CAGE rotor. 

A polyphase motor is shown in Fig. 12-37. The rotor 
cannot follow the rotating field exactly. If both were 
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Fig. 12-35. Each phase of the three-phase current is con- 
nected in sequence to stator coils. 


in step, the rotor would not cut across any magnetic 
lines of force. No current would be induced in the rotor 
coils. A certain amount of SLIP exists between the 
rotating field and the rotor. Generally, this is about 
4 to 5 percent. Therefore the rotor turns at 1720 rpm 
when the field rotates at 1800 rpm. As the motor is 
loaded, slippage increases and heavier currents are in- 
duced in the rotor. . 


M I 
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Fig. 12-36. The phase relationship between currents in a 
three-phase power source. 
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Fig. 12-37. Cutaway view of a polyphase motor. 


SINGLE-PHASE INDUCTION MOTORS 


In industry, three-phase electricity is used to start 
large induction motors. At home, such currents are not 
readily available. So, other means must be provided 
for starting an induction motor. If a single-phase cur- 
rent is divided into a polyphase current, the starting 
problem would be solved. This is called SPLITTING 
PHASES. 
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Fig. 12-38. Schematic of a split-phase motor, showing start- 
ing windings. 


Two methods are used to produce a SPLIT-PHASE. 
You learned that an inductance causes current to lag 
in a circuit. If the single-phase current flows through 
two parallel paths that contain unequal amounts of 
inductance, one current will lag behind the other. A 
phase displacement will exist between them. A two- 
phase current has been made of a single-phase current. 

The many turns of wire that comprise the field wind- 
ings of the induction motor are excellent inductances. 
They can be used for the purpose of phase splitting. 
A schematic diagram of a split-phase motor is shown 
in Fig. 12-38. 

The STARTING windings consist of many turns of 
relatively fine wire. The RUNNING windings have 
many turns of heavier wire. The windings are placed 
in slots around the inside of the stator. 

When electricity is applied to the motor terminals, 
current flows in both windings because they are in 
parallel. The main winding has many turns of wire and 
high inductance. This causes the current to lag almost 
90 degrees. The starter windings of fine wire have much 
less inductance. Current does not lag by as great an 
angle. The phase displacement creates a rotating field 
similar to the three-phase motor and the rotor starts 
to run. When the motor reaches speed, a centrifugal 
switch open the starter winding circuit. Then the motor 
runs as a single-phase inductor motor. The fine wire 
in the starting winding wil! not stand constant use. It 
is cut out of the circuit after it has performed its 
function. 

The second method of phase splitting involves the 
use of a capacitor. Recall that capacitance causes cur- 
rent to lead applied voltage. If a capacitor is connected 
in series with the starting winding, a much larger phase 
displacement can be created. The capacitor is switched 
out of the circuit when the motor approaches full speed, 
Fig. 12-39. This motor is called a CAPACITOR- 
START induction motor. These motors are used for 
many jobs around the laboratory and home. They 
maintain a fairly constant speed under varying loads. 
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They do not develop a strong starting torque compared 
to the three-phase squirrel cage motor. A capacitor- 
start motor is shown in Fig. 12-32. Note the starting 
capacitor mounted on top. 


REPULSION INDUCTION MOTOR 


A repulsion induction motor resembles a dc motor 
because it also has a commutator and brushes. 
However, in the repulsion induction motor, the brushes 


RUNNING 


WINDING 


STARTING 
WINDING 


Fig. 12-39. Diagram of a capacitor-start, split-phase motor. 


SHADED TWO POLE MOTOR 


oo 
O 


Fig. 12-40. Sketch of a shaded pole motor. 


SHADED POLE ACTION 


are connected to each other, rather than to the source 
of power. The brushes are arranged so that only chosen 
armature coils are closed or complete circuits at any 
time. The currents induced by transformer action in 
the rotor windings are displaced by the shorting 
brushes. Poles are created which oppose the stator 
poles. 

Rotation is started by repulsion. When the motor 
reaches about 75 percent of its speed, a centrifugal 
shorting ring “shorts out” all the commutator sections. 
The motor runs as an induction motor. The repulsion 
induction motor has high starting torque, but does not 
quickly come up to speed under load. It is being 
replaced by the less costly capacitor-start motor. 


SHADED POLE MOTOR 


A two-pole motor having an uncommon method for 
starting rotation is shown in Fig. 12-40. The rotor is 
a squirrel cage type. The stator resembles the common 
dc motor, except that a slot is cut in the face of each 
pole and a single turn of heavy wire is wound in the 
slot. This is called SHADING THE POLE. The single 
turn of wire is the SHADING COIL. 

The action of the shading coil can be seen in Fig. 
12-41. As the current rises in the first quarter cycle of 
the ac wave, a magnetic field is made in the field wind- 
ing. However, the expanding magnetic field cuts across 
the shading coil. This induces a current and polarity 
which opposes that of the field coil. This tends to 
decrease and weaken the total field on the side of the 
shading coil. 

At the top of the ac wave very little current change 
occurs. The total magnetic field becomes equalized 
across the face of the pole. When the current starts to 


A TA 


LINES SHOW DENSITY OF MOVING FIELD 


Fig. 12-41. The magnetic field moves from left to right as the 
result of shading. 
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decrease in the next quarter cycle, the polarity of the 
induced current in the shading coil resists the decreas- 
ing current. So the pole has a strong magnetic field on 
the right side. Notice that during this half-cycle the 
magnetic field has moved from left to right. This move- 
ment of the field causes the rotor to start rotation. 

The starting torque of this motor is quite small. 
Therefore, it has many uses, such as in small fans and 
electric clocks. 


REVIEW QUESTIONS FOR SECTION 12.3 


. What is an induction motor? 
2. The stationary field poles and windings in an 

induction motor are called a y 

. A three-phase alternating current has three 
separate currents that are out of 
phase with each other. 
a. 90 degrees. 
b. 45 degrees. 


c. 180 degrees. 
d. 120 degrees. 
. What is meant by splitting phases? 


. The windings have many turns of 
fine wire, while windings are made 
with many turns of heavier wire. 

. How does a repulsion induction motor differ 
from a standard dc motor? 


SUMMARY 


1. A motoris a device for changing electrical energy 
to mechanical energy. 

2. Like poles repel each other; unlike poles attract 
each other. 

3. Counter emf, or cemf, is the induced voltage that 
opposes the applied voltage. 

4. The rotation of the motor produces turning or 
twisting power called torque. 

5. Percent of Speed Regulation = 

Speed no-load — Speed full-load x 100 
Speed full-load 

6. The series motor has the field windings connected 
in series. 

7. Shunt motors have their field windings connected 
in parallel. 
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8. Compound motors have their field windings con- 
nected in series and parallel. 

9. There are many types of motor starting circuits. 
Those discussed in the chapter include both manual 
and automatic types. 

10. A silicon controlled rectifier is a semiconductor 
device that controls half of the sine wave while a 
triac controls the full wave. 

11. In an induction motor, the field poles and windings 
remain stationary. 

12. Induction motors need starting circuits. They have 
starting and running windings. 


TEST YOUR KNOWLEDGE, Chapter 12 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 

1. What is the purpose of field windings in the opera- 
tion of a dc motor? 

2. Explain generator action in a motor. 

3. Interpoles are used to prevent 
commutator brushes. 

4. Draw diagrams of a series motor and of a shunt 


at the 


motor. 
5. Motor starting circuits are intended to protect 
motors until they build up _________ and 


6. What are two advantages of automatic starting 


circuits? 

7. The is a family of semiconductor 
devices. 

8. Explain the operation of a three-phase induction 
motor. 

9. A is a heavy wire wound 


into a slot cut on the face of a pole. 
FOR DISCUSSION 


1. Why does a motor increase in speed when its field 
strength is decreased? 

2. Why does a motor get hot when overloaded? 

3. If a load is removed from a series motor, it will 
destroy itself by centrifugal force. Explain this 
occurrence. 

4. Why are motor starters necessary on heavy-duty 
motors? 

5. Will your experimental de motor run on 6 volts ac? 
Explain your answer. 

6. Compare an induction motor to a transformer. 


Electric Motors 


Small electric motors are used to move sheets of paper through laser printers. 
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Part Ill Summary 
ALTERNATING CURRENT 


IMPORTANT POINTS 


. Inductance is that property of a circuit which op- 
poses any change in current. Capacitance is that 
property of a circuit which opposes any change in 
voltage. 

. Components which give inductance to a circuit are 
called inductors, chokes, coils, or reactors. 

. Time constant (t) in an ac circuit is the amount 
of time it takes for the current in an inductive or 
capacitive circuit to rise from 0 to 63.2% of its 
maximum value. There are two formulas for time 
constant. The formula for inductance is: 


L (in henrys) 
t = : 
R (in ohms) 


The formula for capacitance is: 
t = R Gn ohms) x C (in farads) 


. Mutual inductance, which is the basis for 
transformer action, occurs when two or more coils 
share the energy of one coil. 

. When a tap is made on the secondary, two voltages 
are produced, one being 180 degrees out of phase 
with the other. 

. The basic reasons for using a transformer are: 
a. To step up or step down voltage or current. 
b. To provide two voltages 180 degrees out of 

phase with each other. 
c. To provide isolation from the primary to the 
secondary. 

. Transformer losses can be copper losses, hysteresis 
losses, or eddy current losses. 

. Formulas for resistors, inductors,and capacitors 


in series or parallel are shown below. All units used 
in the formulas must have the same prefix or basic 
value. 


COMPONENT IN SERIES. e| IN PARALLEL 
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INDUCTORS ir eee e 


CAPACITORS ap Cy = C; + Ca + Ca 


Ca 


SUMMARY REVIEW POINT 8 


Inductive reactance (X,) is the actual opposition 
to change in current offered by an inductor. 
Capacitive reactance (Xc) is the actual opposition 
to a change in voltage offered by a capacitor. Both 
are measured in ohms. The formula for induc- 
tive reactance is: 


XL = 27 fL 
The formula for capacitive reactance is: 
Xc 2 

2r fC 
The total opposition to a change in either current 
or voltage in a circuit, by either an inductor or a 
capacitor, is impedance (Z). Impedance is 
measured in ohms. 
Factors which affect resistance, inductance, and 


capacitance in a circuit are shown on the fol- 
lowing page. 


10. 


Whe 


OPPOSITION 


RESISTANCE (R) 
(measured in 
ohms, (1) 


INDUCTANCE (L} 
(measured in 
henrys, H) 


CAPACITANCE (C) 
(measured in 
farads, F) 


12. 
LS. 


14. 


lS, 


16. 


17. 


ELECTRICAL FACTORS THAT AFFECT 


ELECTRICAL OPPOSITION 


. Length of conductor. 

. Surface area of conductor. 
. Temperature of conductor. 
. Material of conductor. 


. Number of windings. 

. Types of winding. 

. Type and make-up of core. 
|. Diameter of coil winding. 


. Spacing between windings 


. Distance between plates. 
. Plate area. 
. Dielectric material. 


SUMMARY REVIEW POINT 11 


Resonance occurs when Xc = XL. 

In a series resonant circuit, the current is maximum 
and the impedance is minimum at the resonant 
frequency. 

In a parallel resonant circuit, the current is 
minimum and the impedance is maximum at the 
resonant frequency. 

The Q of a circuit describes the relationship be- 
tween X, and R: 

TA 


SR 


A motor is a device which converts electrical energy 
to mechanical energy. 

There are three basic types of field winding con- 
nections in motors: 

a. Series. 

b. Parallel. 

c. Compound. 
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SUMMARY QUESTIONS 


1. Convert the following units: 


a. 6.4 mH = uH. 
b. 2200 „F = F. 
eso H= mH. 
d. 16,000 pF = uF. 
2. Solve for the unknown quantities. 
Is = A. 
Es ==“ 
Np =800 | | Ns = 3200 
Ip=4A Es =60 V 
3. Find Ly 
L, iy E 
200 mH 1H 5H 
4. Find Ce 


500,000 pF 1 pF 3 pF 
Cy C2 C; 


5. Find X in the circuit shown. 


(MU) 60 Hz | 


6. Find the missing values in the circuit shown. 
Z 


7H 


Phase ENS A 
rr (leads, lags) E by 
R R = 23009 
C Xc = 4900 2 
L X, = 82009 
7. Find Xe. 
120 Hz 15 pF 
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integrated circuits. The invention, development, and 
use of each of these devices has had an impact on th 
electronics field. The amount of time from inventión 


to development to use has shortened with each of these 

three generations. And each new device is more reliable j 
* ie ` NS : E. 

less expensive, and more capable than its « 


part. In Part IV, you will learn more 
these devices. oo WEN a 
Chapter 13 is titled Basic Electronic Device. 
primary devices presented are semiconductors 
diodes and transistors. Because they are no lon. 
wide use, vacuum tubes will be touc ed on b 
Integrated circuits are covered in detail in 
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14. Their production is explained, and several types. | 
of ICs are discussed. — =i ee. A 
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Soe ey 


FORWARD 


Illustration showing the current flow in 
a NPN transistor. 


REVERSE 
BIAS 


HEWLETT-PACKARD 
Various electronic devices and components are assembled into modern system used in 


such applications as desktop publishing. Shown here are a Touchscreen computer and 


a LaserJet printer. 
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lllustrations showing the components in a typical CRT used 


in a television. 


Electronics is so much a part of our lives. We ought to become familiar with the devices and terms. 
We may take computers for granted, but none of them would work without semiconductor materials, 


diodes, and transistors. 
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ENS A E 


After studying this chapter, you will be able to: 

E Define electronics. 

B Explain the doping process. 

E Discuss various types of semiconductor diodes. 

E Summarize the operating theories of bipolar and 
field effect transistors. 

E Distinguish between diodes, triodes, tetrodes, and 
pentodes. 

™ Illustrate the operation of a cathode ray tube. 


ELECTRONICS may be defined as the study of the 
flow of electrons in active devices such as integrated 
circuits, transistors, and vacuum tubes. A time line 
showing the development of these three generations of 
electronic devices is shown in Fig. 13-1. During 
experiments in 1883 with the incandescent lamp, 
Thomas Edison noticed that electrons could be driven 
off the hot filament of a lamp. He called this the 
“Edison Effect.” In 1904, J.A. Fleming built a diode 
(two element vacuum tube) that changed ac to dec (rec- 
tification). That same year, Lee DeForest invented the 
first vacuum tube amplifier. It was called a triode. This 
material will be discussed in detail later in this chapter. 

The first solid-state amplifier device was called the 
transistor. It was invented at Bell Laboratories in 1948. 
The technology used in transistors was key to the 
development of the third generation device, the 
integrated circuit. 

13.1 SEMICONDUCTORS 

On July 1, 1948, the New York Herald Tribune 
announced: 

“A tiny device that serves nearly all of the func- 
tions of a conventional vacuum tube, and holds wide 
promise for radio, telephone and electronics was 
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DEVICES 


demonstrated yesterday by the Bell Telephone 
Laboratories scientists who developed it. Known as the 
transistor...” 

The scientists, John Bardeen and Walter Brattain 
invented the point contact transistor. It had two wires 
carefully fused on a crystal of germanium. William 
Shockly followed by creating the bipolar, or junction, 
transistor. These inventions were also the start of 
microelectronics. 

The transistor provided instant circuit operation. No 
warm-up time was needed as with the vacuum tube cir- 
cuit. Large amounts of power were not needed. The 
transistor was, and is, known for its small size, long 
life, and light weight. 

The study of transistors or semiconductors requires 
understanding of new concepts in electronic theory. 
Briefly, what have we learned about conductors? We 
have learned that a copper wire is a good conductor. 
We have also learned that certain materials, such as 
glass and rubber, are insulators. Between insulators and 
conductors are other materials. These are known as 
semiconductors. The transistor is a semiconductor. It 
is neither a good conductor nor a good insulator. 


ATOMIC CHARACTERISTICS 


To review Chapter 1, diagrams of the atomic struc- 
tures of germanium (Ge) and silicon (Si) are shown in 
Fig. 13-2. Silicon is in great supply. It makes up 28 
percent of the world’s surface. The atomic number of 
Ge is 32 and of Si, 14. Recall that the atomic number 
is the number of electrons in orbit outside the nucleus 
of an atom. Therefore, germanium has 32 electrons 


‘in its orbit. Silicon has 14 electrons in its orbit. 


Note that both germanium and silicon have four elec- 
trons in their outer rings. These electrons on the outer 
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1ST GENERATION 
ELECTRONIC 
DEVICES: 
VACUUM TUBE 


INVENTED AMPLIFIER 


EDISON'S EXPERIMENTS WITH INCANDES- 
CENT LAMP 
J.A. FLEMING DEVELOPED FIRST VACUUM 
TUBE “VALVE” WHICH WAS USED AS A 
RECTIFIER (DIODE) 
LEE DEFOREST 
(THREE ELEMENT VACUUM TUBE) 


1883 1904 


Fig. 13-1. 


Fig. 13-2. Atomic structures. A—Silicon has an atomic 

number of 14. There are 14 protons within the nucleus and 

14 electrons orbiting the nucleus. B— Germanium has an atomic 

number of 32. There are 32 protons in the nucleus and 32 elec- 
trons orbiting the nucleus. 


rings are called VALENCE ELECTRONS. In some 
atoms, valence electrons are able to bond with the 
valence electrons of another atom. This is called a 
COVALENT BOND. The atoms are each bonded to 
their own nucleus and to each other. This bond creates 
a LATTICE CRYSTALLINE structure. Germanium 
and silicon both lend themselves to this type of bond. 
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1948 1958 


Time line of notable electronic devices. 


OOOOOOM: 
OOOOOOO: 
OOOOOOO: 


Fig. 13-3. The crystalline structure of silicon. The electrons 
in the outer ring only are shown. 


Fig. 13-3 shows a silicon structure. It is a pure insulator. 
It will not conduct electricity. 


CONDUCTION OF ELECTRICITY 


Current flow in a conductor results from energy 
transfer by electrons. An example of this is shown in 
Fig. 13-4. An electron is added to one end of the con- 
ductor. Another electron leaves the opposite end. This 
chain reaction is the conduction of electricity by 
ELECTRONS. 
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ELECTRON MOVEMENT 


ELECTRON 
OUT 


Fig. 13-4. Electricity conducted by the movement of 
electrons. 


HOLE 
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ELECTRON OUT 
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HOLE MOVEMENT 


Fig. 13-5. Electricity conducted by the movement of holes. 


In Fig. 13-5, an electron is removed from one end 
of the conductor. This leaves a hole where there should 
be an electron, but there is not. This hole is strongly 
attracted to another electron. It is positive. The next 
electron fills up the hole and leaves a positive hole in 
its place. Each positive hole is filled in turn by the next 
electron. Then the vacant hole appears at the other end 
of the conductor. This chain reaction is the conduc- 
tion of electricity by HOLES. The study of transistors 
is concerned with conduction by electrons and by holes. 


ELEMENT 


BORON 
ALUMINUM 
GALLIUM 
INDIUM 


TRIVALENT 
ACCEPTOR ELEMENT 
PRODUCES P TYPE 
MATERIALS 


QUADVALENT 
PURE SEMI-CON- 
DUCTOR MATERIAL 


SILICON 
GERMANIUM 


PENTAVALENT 
DONOR ELEMENT 
PRODUCES N TYPE 
MATERIALS 


PHOSPHORUS 
ARSENIC 
ANTIMONY 


Fig. 13-6. Comparison of trivalent, quadvalent, 


SYMBOL 


and pentavalent elements. Quadvalent elements are pure 


DONOR IMPURITY FREE ELECTRON 


TOROX AOL 
@OOOOCOO: 
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Fig. 13-7. Arsenic (As) is a pentavalent impurity. lt leaves free 
electrons and is called a donor impurity. 


DOPING 


Recall that PURE silicon is a good insulator. 
Adding an impurity to the silicon will change the 
conduction traits of the material. The process of adding 
impurities to pure semiconductor material is called 
DOPING. The result of doping is an EXTRINSIC 
SEMICONDUCTOR. This means the material is not 
in its pure form. A pure semiconductor is INTRINSIC. 

Trivalent and pentavalent impurities are most often 
used for doping in transistors. TRIVALENT impurities 
have three valence electrons. Pentavalent impurities 
have five valence electrons. See Fig. 13-6. 

Adding doping elements to semiconductor material 
results in either an excess or shortage of electrons in 
the covalent bond. For example, arsenic, a pentavalent, 
is added to silicon. Four valence electrons of arsenic 
will form a covalent bond with the four valence elec- 
trons of silicon. One electron from the arsenic will 
remain free, Fig. 13-7. Arsenic donated a free electron 
to the structure. All pentavalent impurities donate free 
electrons. They are called DONOR IMPURITIES. In 
this structure, electricity is conducted by (negative) 

ome 
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semiconductors. 
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electrons. Therefore, the crystal becomes an N TYPE 
crystal. 

What occurs when a trivalent impurity is added to 
a pure semiconductor material? It has only three elec- 
trons to join in covalent bond. One more electron is 
needed to complete the lattice structure. A hole remains 
in the place of the missing electron, Fig. 13-8. This hole 
will accept an electron. A trivalent impurity, then, is 
called an ACCEPTOR IMPURITY. In this structure, 
electricity is conducted by (positive) holes. The crystal 
become a P TYPE crystal. 

Fig. 13-9 shows conduction through an N type 
crystal. Fig. 13-10 shows conduction through a P type 
crystal. Notice that the hole moves in reverse of the 
electron flow. 


ACCEPTOR HS 


DODODBDO: mero. 
DODOLGOA 
0000000 


Fig. 13-8. Indium (In) is a trivalent impurity. lt leaves positive 


holes and is called an acceptor impurity. 


ELECTRON FLOW 


Fig. 13-9. Conduction through an N type crystal by electrons. 


HOLE FLOW 
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P TYPE CRYSTAL 


Fig. 13-10. Conduction through a P type crystal by holes. 


REVIEW QUESTIONS FOR SECTION 13.1 


. Define electronics. 

2. Electrons on the outer ring of an atom are | 
called 

. What is a covalent bond? 

. Doping: 

. Is the process of adding impurities to pure 
semiconductor material. 

. Results in an extrinsic semiconductor. 

. Changes the conduction traits of a pure 
material. 

. All of the above. 

. Pentavalent impurities are known as 
impurities and they produce type 
crystals. Trivalent impurities are known as 

impurities and they produce 
type crystals. 


13.2 SEMICONDUCTOR DIODES 


A DIODE is a device designed to permit electron 
flow in one direction and block flow from the other 
direction. A diode consists of two electrodes: a cathode 
and an anode. A CATHODE is an electrode that emits 
(gives off) electrons. An ANODE collects the electrons 
and puts them to use. 

A semiconductor diode is the result of fusion be- 
tween a small N type crystal and a P type crystal, Fig. 
13-11. At the junction of the two crystals, the carriers 
(electrons and holes) tend to diffuse. Some electrons 
move across the barrier to join holes. Some holes move 
across the barrier to join electrons. Remember that 
unlike charges attract each other. 

Due to diffusion, a small voltage or potential exists 
between the regions near the junction. How does this 
happen? The region of the P crystal near the junction 
becomes negative. It has taken electrons from the N 
crystal. The region of the N crystal near the junction 
becomes positive. It has lost some electrons, but gained 


POTENTIAL HILL OR BARRIER 
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Fig. 13-11. A semiconductor diode made of N and P crystals. 
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holes. This voltage or potential is called a POTENTIAL 
HILL or POTENTIAL BARRIER. The barrier 
prevents the other electrons and holes in the crystal 
from joining. 

The symbol for a semiconductor diode is shown in 
Fig. 13-12. Using the electron theory of current flow, 
the arrow side of the symbol denotes the anode por- 
tion of the diode. The anode contains the P type 
material. The bar side of the symbol denotes the 
cathode portion of the diode. The cathode contains the 
N type material. 

A voltage (potential) is connected across a diode in 
Fig. 13-13. The positive terminal of the source is con- 
nected to the P crystal. The negative source is connected 
to the N crystal. 

The negative electrons in the N crystal move toward 
the barrier. The positive holes in the P crystal move 
toward the barrier. The source voltage opposes the 
potential hill and reduces its barrier effect. This allows 
the electrons and holes to join at the barrier. Therefore, 
current flows in the circuit. It flows in the P crystal 
by holes. It flows in the N crystal by electrons. The 
diode is BIASED in a FORWARD direction. 

Fig. 13-14 shows the same junction diode BIASED 
in a REVERSE direction. The positive source is con- 
nected to the N crystal and the negative source to the 
P crystal. 


CATHODE ANODE 


Fig. 13-12. Symbol for a semiconductor diode. 


CATHODE 


ANODE 


FORWARD BIAS 


Fig. 13-13. Conduction through a junction diode biased in the 
forward direction. 
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In reverse bias, the source voltage aids the potential 
hill. Electron/hole combinations are limited at the junc- 
tion. The electrons in the N crystal are attracted to the 
positive source terminal. Very little current will flow 
in the circuit. Reverse voltage can be increased to a 
point where the diode will break down. 


POINT CONTACT DIODES 


The point contact diode is used for detection and 
rectification. It consists of a small piece of N type ger- 
manium crystal. Against this is pressed a fine phosphor 
bronze wire. While the diode is being made, a high cur- 
rent is run through the diode from wire to crystal. This 
forms a P type region around the contact point in the 
germanium crystal. The point contact diode, therefore, 
has both the P and N type crystals. Its operation is like 
that of the junction diode. A crystal diode used in a 
radio detector is shown in Fig. 13-15, with its schematic 
symbol. This diode will be used in a number of proj- 
ects found in the text. 
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REVERSE BIAS 


Fig. 13-14. Conduction through a junction diode biased in a 
reverse direction. 
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Fig. 13-15. A typical crystal diode. 
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SILICON RECTIFIERS 


Diodes conduct current more easily in one direction 
than in the other. This process is called RECTIFICA- 
TION. A key semiconductor diode is the SILICON 
RECTIFIER. This device is used in the power rectifica- 
tion circuits that will be discussed in Chapter 15. 

Silicon rectifiers come in a variety of shapes and 
sizes. Fig. 13-16 shows some common diode outlines. 

Silicon rectifiers have high forward-to-reverse cur- 
rent ratios. They can achieve rectification efficiencies 
of greater than 99 percent. These rectifiers are very 
small and light. They are built to last a long time. They 
can be made resistant to shock and mishandling. They 
do not decay with age like a vacuum tube rectifier does. 


DIODE CHARACTERISTICS AND RATINGS 


Ratings of diodes and rectifiers are commonly based 
oncurrent and voltage capabilities and PEAK INVERSE 
VOLTAGE (PIV). The PIV rating is used by manufac- 
turers. It defines the greatest reverse voltage that can 
be applied across a rectifier without damaging it. An 
example of this is a 1 amp at 50 PIV for a 1N 4001 
silicon rectifier. 

Many diodes are identified by an “IN.” Examples 
of this are 1N 4001 or 1N 5400. Some manufacturers 
use their own labels: HEP 320, SK 3051, or 276-1102. 


SERIES AND PARALLEL RECTIFIER 
ARRANGEMENTS 


Diodes or rectifiers can be connected in series or 
parallel. This is done to improve the voltage or cur- 
rent capabilities of a single rectifier. Connecting diodes 
in series increases voltage ratings over the value of a 
single rectifier. Diodes may be connected in parallel 
to improve the current handling ability of the combina- 
tion over that of only one diode. 


TESTING DIODES 


You have learned that diodes with a forward bias 
direction have a low resistance to current flow. A 
reverse bias direction has a high resistance. These 
diodes may be tested using an ohmmeter. 

To test a diode in the forward bias direction, con- 
nect the diode across the ohmmeter. Set the range 
switch on the low resistance setting (X1 or X10). The 
reading should be low. A low reading is from 50 to 
1000 ohms. See Fig. 13-17A. 

To test a diode in the reverse bias direction, connect 
the diode across the ohmmeter leads. Set the range 


204 


Fig. 13-16. Some widely used silicon rectifier outlines. 


Fig. 13-17. Testing a diode using an ohmmeter. A— Testing 
forward bias. B— Testing reverse bias. 


switch on a high resistance setting, such as X10 k, 


X100 k, or X1 Meg. A good diode will show a high 
resistance. See Fig. 13-17B. 


Basic Electronic Devices 


Many new digital meters have a diode test function 
built in. One model has a diode symbol on the range 
switch scale, Fig. 13-18. A properly connected diode 
can be tested by turning the switch to that function. 


LIGHT EMITTING DIODES 


Light emitting diodes (LEDs) are special function 
diodes. When connected in the forward bias direction, 
they emit (give off) light, Fig. 13-19. Light emitting 
diodes are made from semiconductor compounds such 
as gallium arsenide, gallium arsenide phosphide, and 
gallium phosphide. 


BECKMAN INDUSTRIAL CORP. 
Fig. 13-18. This digital meter can also be used to test diodes. 


SIEMENS 


Fig. 13-19. Various types of LEDs. 


An LED receives energy from the dc power source, 
or battery. This causes the electrons and holes to com- 
bine in the PN junction region of the diode. This creates 
PHOTONS. Each photon is from one hole (+ charge) 
and one electron (— charge), and is a “particle” of light 
that can be seen. Different LED colors use different 
materials in their manufacture. Fig. 13-20 shows the 
operating principle of an LED. 

Basing diagrams for some common LEDs are shown 
in Fig. 13-21. Note that the cathode lead is the shortest 
lead. It is also closest to the notch on certain diodes. 
LEDs have many uses. For example, they are used on 
the instrument panel of cars, clocks, watches, etc. 


REVIEW QUESTIONS FOR SECTION 13.2 


1. A is a device that will pass current 
flow in one direction and block it in the other 
direction. 

. What occurrence prevents electrons and holes 
in a crystal from joining? 

. Draw and label the symbol for a semiconductor 
diode. 

. In bias, the source voltage aids the 
potential hill. In bias, the source 
voltage opposes the potential hill. 

. Look up a 1N 4003 diode in a parts catalog 
and determine the current rating and PIV rating. 

. Explain how a light emitting diode works. 


WIRE ANODE 


CATHODE 


SEMICONDUCTOR 
MATERIAL SHORTER 


LEAD 


CREATION OF 
PHOTONS 


4 LED SYMBOL 


FORWARD BIAS 


Fig. 13-20. LED operation. 
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PACKAGE DIMENSIONS IN INCHES (mm) 


1.00 
(25.4) MIN 


PACKAGE DIMENSIONS IN INCHES (mm) 
1.0 (25.4) _» 
Typ. 


CATHODE .976 


PACKAGE DIMENSIONS IN INCHES (mm) 
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PACKAGE DIMENSIONS IN INCHES (mm) 


.100 
(2.54 


D SIEMENS 


Fig. 13-21. LED basing diagrams A—T 1 3/4 LED lamp. B— Cylindrical LED lamp. C—Rectangular 
LED lamp. D—Miniature axial lead LED lamp. 


13.3 TRANSISTORS 


Transistors are key devices in electronics for several 
reasons. They are able to amplify current. They can 
create ac signals at desired frequencies (oscillation). 
And they can be used as switching devices. This makes 
them important in computer circuits. 

The bipolar transistor consists of three layers of 
impure semiconductor crystals. This transistor has two 
junctions. There are two types of bipolar transistors, 
PNP and NPN. Blocks and schematic symbols for these 
are shown in Fig. 13-22. 

A PNP bipolar transistor has a thin layer of N type 
crystals placed between two P type crystals. The NPN 
bipolar transistor has a thin layer of P type crystal 
placed between two N type crystals. In both types, the 


EMITTER COLLECTOR 


EOE ¡0 


EMITTER BASE COLLECTOR BASE 
COLLECTOR EMITTER 


OA] ¡es 


BASE 


Fig. 13-22. Block diagrams and symbols for NPN and PNP 
transistors. 


first crystal is called the EMITTER. The center sec- 
tion if called the BASE. The third crystal is called the 
COLLECTOR. 
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Fig. 13-23. Basing diagrams for five transistors. 


In the schematic symbols, notice the direction of the 
arrow. This indicates whether it is a PNP or NPN tran- 
sistor. Fig. 13-23 shows basing diagrams for five 
transistors. 

The theory of NPN transistor operation is shown 
in Fig. 13-24. Two batteries are used for the sake of 
understanding. The negative terminal of the battery is 
connected to the N emitter. The positive terminal of 
the same battery is connected to the P type base. 
Therefore, the emitter-base circuit is forward biased. 

In the collector circuit, the N collector is connected 
to the positive battery terminal. The P base is connected 
to the negative terminal. The collector-base circuit is 
reverse biased. 


EMITTER 


FORWARD 
BIAS 


REVERSE 
BIAS 


Fig. 13-24. The current flow in a NPN transistor. 


Electrons enter the emitter from the negative bat- 
tery source and flow toward the junction. The forward 
bias has reduced the potential hill of the first junction. 
The electrons then combine with the hole carriers in 
the base to complete the emitter-base circuit. However, 
the base is a very thin section, about .001 in. Most of 
the electrons flow on through to the collector. This elec- 
tron flow is aided by the low potential Hill of the sec- 
ond PN junction. 

Approximately 95 to 98 percent of the current 
through the transistor is from emitter to collector. 
About 2 to 5 percent of the current moves between 
emitter and base. A small change in emitter bias voltage 
causes a somewhat large change in emitter-collector 
current. The emitter-base current change is quite small, 
however. 

A PNP transistor has a P type material for the emit- 
ter, an N type material for the base, and a P type 
material for the collector. See Fig. 13-25. The power 
supply or battery must be connected the opposite way 
of a NPN transistor. Like the NPN transistor, the 
emitter-to-base circuit has forward bias. And the 
collector-to-base circuit has reverse bias. In a PNP tran- 
sistor, most carriers in the emitter-to-collector are holes. 


FIELD EFFECT TRANSISTOR (FET) 


The major difference between a transistor and a 
vacuum tube is that a vacuum tube is controlled by 
voltage and a transistor is controlled by current. All 
transistors are current amplifiers except one, the FIELD 
EFFECT TRANSISTOR. This special component is 
a voltage controlled amplifier. The construction of the 
device is shown in Fig. 13-26. 

An N type material is diffused into a P type substrate 
material to form a thin channel. A gate of P material 
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Fig. 13-25. The current flow in a PNP transistor. 
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Fig. 13-26. Physical construction of an FET and its schematic 
symbol. 


is placed between the source and drain. Majority car- 
riers perform conduction in an FET. In this case, elec- 
trons are the major current carriers between the source 
and drain. This current is shown in Fig. 13-27. 

A DEPLETION AREA is void of current carriers. 
This can occur in a PN junction of a semiconductor 
diode. It is the result of electrons and holes diffusing 
across the junction. When the PN junction diode is 
reverse biased, the depletion area becomes wider. 


Fig. 13-27. Maximum current flows from source to drain. The 
channel is unrestricted. 


NZ 


RESTRICTED 
CHANNEL 


DEPLETION 
AREA 


Fig. 13-28. Increased depletion area due to reverse bias of 
drain-gate junction will restrict the channel and reduce current 
flow. 


This same effect can occur in an FET. It happens 
when the gate junction is reverse biased in respect to 
the source and drain, Fig. 13-28. The conduction chan- 
nel between the source and drain is now restricted. The 
drain current is greatly reduced. A negative voltage can 
be applied to the gate which will cut off the current 
between source and drain. This is called PINCH OFF 
voltage. In normal operations, the gate is not forward 
biased. 

Because a somewhat small voltage change at the gate 
produces a large change in drain current, the device 
is able to amplify. 

The major advantage of the FET over the typical 
transistor is its high input impedance. 


REVIEW QUESTIONS FOR SECTION 13.3 


1. Name the three parts of a bipolar transistor. 
2. Draw the symbols for an NPN transistor and a 


PNP transistor. Label the parts. 
. Name the three parts of a field effect transistor. 
. What is a depletion area? 
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13.4 VACUUM TUBES 


Vacuum tube use has been replaced in large part by 
the use of transistors and integrated circuits. The 
vacuum tube still finds some special uses, such as in 
cathode rate tubes (CRTs). For the most part, however, 
vacuum tubes use more power, take up more space, 
and produce more heat then transistors and integrated 
circuits. 

The vacuum tube is a direct result of Thomas 
Edison’s experiment with the incandescent lamp. In this 
experiment, a metal plate was placed in the vacuum 
bulb containing the light. A battery and series meter 
were connected between the light filament and the 
plate. At this point, Edison discovered that electric cur- 
rent would flow through the light, if the positive ter- 
minal of the battery was connected to the plate. If the 
negative battery terminal was connected to the plate, 
however, no current would flow. See Fig. 13-29. 
Because the electron theory was not yet discovered, the 
flow of current through the light was a mystery. 

Today, however, we understand electron theory. 
Certain metals and metal oxides give up free electrons 
when heated. The heat supplies enough energy to the 
electrons that they break away from the forces holding 
them in orbit. They become free electrons. This is 
known as THERMIONIC EMISSION. 

In Edison’s experiment, a cloud of free electrons was 
emitted from the filament of the light bulb. When a 
positive plate was placed in the bulb, the free electrons 
were attracted to the plate. (Unlike charges attract.) 
A flow of electrons means a current is present. The 
meter in the plate circuit meant that electrons were pass- 
ing from filament to plate. The vacuum tube uses the 
principles discovered in the laboratory of Thomas 
Edison. 


THERMIONIC EMITTERS 


Better emitting materials have been developed in the 
years since Edison’s carbon filament. Many materials, 
when heated to the point of emission, will melt. 
Tungsten seemed to be the best material for many 
years. It required a great deal of heat for proper emis- 
sion, yet it was strong and durable. Tungsten is still 
used in large, high-power vacuum tubes. 

To lower working temperatures and power usage, 
the thoriated-tungsten emitter was developed. It con- 
sisted of a thin layer of thorium placed on the tungsten 
emitter. Thorium is one of the heaviest metallic 
elements. Its symbol is TH, its atomic weight, 232.2. 
It is mined in India. This type of emitter produces the 
proper emission at much lower temperatures than pure 
tungsten. 


Fig. 13-29. Circuit diagram of the Edison discovery. 


PLATE PLATE 
- a 
HEATER CATHODE HEATER 


DIRECTLY HEATED INDIRECTLY HEATED 


Fig. 13-30. Schematic symbols of directly and indirectly 
heated cathodes. 


The most efficient emitter is the oxide-coated type. 
The emitter is metal, such as nickel. On this is formed 
a thin layer of barium or strontium oxide. Because of 
its low power usage and high emission, this type is wide- 
ly used in vacuum tubes for radios, televisions, and 
other electronic devices. 


CATHODES 


The emitter in the vacuum tube is called the 
CATHODE. Heat may be supplied either directly or 
indirectly. Both methods have advantages. Schematic 
diagrams of both types are shown in Fig. 13-30. 

Portable equipment that uses batteries as a source 
of power works best with directly heated cathodes. 
These is less heat loss. The filament can be designed 
so that only a small amount of power is consumed dur- 
ing use. 

When an ac source is handy, the indirectly heated 
cathode is more useful. There is little power loss. And 
the heater voltage source and cathode can be separated. 
This ends any humming in the circuit. 
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DIODES 


Recall that a diode consists of two electrodes. In the 
case of a vacuum tube diode, the two electrodes are 
the cathode and plate. Again, the cathode may be 
heated directly or indirectly. The plate is a round piece 
of metal that surrounds all elements in the tube. The 
plate acts as the collector of electrons emitted from the 
cathode. See Fig. 13-31. 

The heater connections are H, and H2. They may 
be joined to an ac source. The first number in a tube 
name is the approximate voltage that should be applied 
to the heaters. For example, a 6H6 tube needs 6.3 volts; 
a 12AX7 needs 12.6 volts; a 25Z6 needs 25 volts. 

When the tube in Fig. 13-31 is turned on, the heaters 
indirectly heat the cathode. This causes thermionic 
emission of electrons. If the diode plate is joined to 
the positive terminal of the battery in the circuit, elec- 
trons will flow in the circuit from cathode to plate. 
If the connections are reversed, no electrons will flow. 
This electron tube acts as a one-way valve. It permits 
electron flow in one direction only. 

At a certain temperature, the cathode emits the 
largest number of electrons. These form a space charge 
around the cathode. The cathode has been made slight- 
ly positive because of emitting electrons. Some of these 
electrons are attracted back to the cathode. When the 
plate is made positive, many electrons are attracted to 
it. This is electron flow. The plate can be made 
MORE positive by applying a higher voltage. A greater 
number of electrons are attracted. Then there is an 
increase in current. 

Fig. 13-32 shows the increase in current as a result 
of an increase in plate voltage. At some point, as 
voltage is increased, all the emitted electrons will be 
attracted to the plate. Any further increase in voltage 
will not increase the current. This is called the 
SATURATION POINT of the electron tube. 


TRIODES 


A TRIODE is a three element tube made of a 
cathode, plate, and GRID. It was developed by Dr. 
Lee DeForest. In his experiments, DeForest inserted 
a fine wire mesh between the cathode and the plate of 
the tube. In doing this, he was able to control electron 
flow through the tube. 

The grid in the triode most often has a cylindrical 
shape. It surrounds the cathode. Space between grid 
wires allows electrons room to pass through to the 
plate. The grid controls electron flow. It is commonly 
called the CONTROL GRID. 

Electron flow is controlled by changes in plate 
voltage. In the triode, the grid also affects electron 


Fig. 13-31. Diode circuit shows direction of electron flow. 
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Fig. 13-32. As plate voltage increases, plate current 
increases. 


VOLTAGE 


Fig. 13-33. This triode circuit shows the connections for plate 
voltage and grid bias voltage. 


flow. For example, a negative grid will repel many elec- 
trodes back to the cathode. This limits the number of 
electrons passing on to the plate. As the grid is made 
more and more negative, a point is reached where no 
electrons flow to the plate. This is the CUT-OFF point 
of the tube. It is the negative voltage amount applied 
to the control grid that stops electron flow. The voltage 
applied to the control grid is the BIAS VOLTAGE. 
At cut off, it is called the CUT-OFF BIAS.  : 

A triode with both plate and grid voltage is shown 
in Fig. 13-33. Notice that the grid bias battery has its 
negative terminal connected to the grid. In electronic 
work, these voltages have specific names. A voltage 
is for the heaters in the tube. B voltage is for the plate 
of the tube. C voltage is for the grid of the tube. 
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Portable radios and equipment use dry batteries, 
called A and B batteries, for voltage sources. In a radio 
working on ac power, these voltages come from the 
power supply. Earlier portable radios also used C bat- 
teries. C bias voltage, however, may now be obtained 
by other methods. 

Current flow through an electron tube as the grid 
bias is changed is shown in Fig. 13-34. The plate voltage 
is held at a constant value. The curve in this graph is 
plotted by measuring the value of current at each 
change of grid voltage. At a grid bias of negative 2 
volts, the current is 8 mA. At negative 6 volts, the cur- 
rent drops to 3 mA. 


TETRODES 


Without neutralization circuits, the triode is limited 
as an amplifier. This is due to the shunting effect of 
electrode capacitance at high frequencies, Fig. 13-35. 
To overcome this drawback, another grid is inserted 
in the triode. It is called the SCREEN GRID. It is 
placed between the control grid and the plate. This four 
element tube (cathode, control grid, screen grid, and 
plate) is called a TETRODE, Fig. 13-36. 

The screen grid is bypassed to ground, externally, 
through a capacitor. The grid is a good screen between 
the control grid and plate. And it stops the grid-plate 
capacitance (C,,). A de voltage, slightly less in value 
than the plate voltage, is applied to the screen grid. 
The screen grid increases the speed of the electrons 
passing between cathode and plate. Some electrons 
are attached to the screen grid. This will cause a cur- 
rent to flow in the screen circuit. However, most elec- 
trons pass through the screen to the plate. While a 
tetrode has four elements, a pentode has five elements. 

High amplification is possible in the tetrode because 
the control grid is placed quite close to the cathode. 
A decrease or increase in plate voltage has little effect 
on the plate current. This is due to the isolation effect 
of the screen grid. Tetrode transconductance is 
somewhat high. 


PENTODES 


In the tetrode, the electrons speed up to strike the 
plate with force. When this occurs, loosely held elec- 
trons on the plate are knocked off into free space. They 
form a space charge around the plate. This is called 
SECONDARY EMISSION. 

Some of these electrons are drawn to the screen. They 
detract from useful plate current through the tube. This 
effect is more pronounced when plate voltage is below 
screen voltage. 
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Fig. 13-34. The change in plate current, lp; as a result of a 
change in grid voltage, E,. The plate voltage is held at a con- 
stant value. 


Fig. 13-35. Dotted lines show capacitance between the 
elements in a tube. 
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Fig. 13-36. Symbol for a tetrode. 


To overcome the drawbacks of secondary emission, 
a third grid is placed in the tube between the screen 


- grid and plate. This grid is called the SUPPRESSOR 
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GRID. The tube now has five elements (cathode, con- 
trol grid, screen grid, suppressor grid, and plate). It 
is called PENTODE. 


SUPPRESSOR GRID 


CONTROL GRID 
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PLATE The suppressor grid is connected internally, to the 
cathode. It is at cathode potential. This grid repels free 
PENTODE electrons resulting from secondary emission. It drives 

them back to the plate, Fig. 13-37. 


SCREEN GRID j ae , . 
These tubes have high amplification factors, high 


a plate resistance, and high transconductance. Interelec- 
trode capacitance is at a minimum. Pentodes are used 
CATHODE ee E SD 
as rf amplifiers and as audio power amplifiers. See 
Fig. 13-37. Symbol for a pentode. Fig. 13-38. 
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Fig. 13-38. Exploded view of a miniature pentode. 
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CATHODE RAY TUBES 


Cathode ray tubes (CRTs) are also vacuum tubes. 
They work in the same manner. Common examples 
of CRTs include oscilloscope displays and computer 
monitors, Fig. 13-39. 

The television tube is also a type of CRT. Refer to 
Fig. 13-40. On the left is the cathode and heater. The 
cathode emits a space cloud of electrons. Around the 
cathode is a metal cylinder. It is closed at one end 


Fig. 13-39. Cathode ray tubes are used as display screens in 
computer monitors. 
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Fig. 13-40. Sketch of a CRT in a television. 


except for a small hole (aperture). This controls the 
flow of electrons into the CRT. It is like the control 
grid. It also causes emitted electrons to move through 
the small hole in the shape of a beam. 

Grid 2 works at a higher positive potential. It is 
strongly attracted to the negative electrons. This causes 
the electrons to speed up. Grids 3, 4, and 5 further 
accelerate and focus the electrons, resulting in a nar- 
row beam of electrons. 

Magnetic deflection coils around the neck of the tube 
move the electron beam. The beam is moved from left 
to right, top to bottom. 

The inside of the picture tube face is treated with 
phosphor, a special type of luminescent material. The 
luminescence is a combination of fluorescence, the 
emission of light during the stimulus, and 
phosphorescence, the continuation of light after the 
stimulus has ceased. As the electrons strike the screen, 
the chemicals glow. The degree of brilliance is related 
to the strength of the beam. The picture is observed 
through the glass front of the tube. 

The inside of the tube bulb contains a conductive 
coating. External connections to this coating are made 
from a high voltage power supply. When the electron 
beam strikes the CRT screen, electrons are knocked 
off. These are called secondary emission. These elec- 
trons are collected by the inner coating, completing the 
circuit. 


LESSON IN SAFETY: Very high, dangerous 
voltages are present at the external connections to this 
anode (usually from 8000 to over 20,000 volts). Use 
caution when working close to these connections. Work 
with only one hand, to reduce the chance of death from 
accidental shock. Keep one hand in your pocket! 


REVIEW QUESTIONS FOR SECTION 13.4 


. Define thermionic emission. 

. The most efficient emitter is the 
coated type. 

. The maximum limit of electron flow a vacuum 
tube will give off, regardless of increases in plate 
voltage. is Me 

. The voltage applied to the control grid is the 

voltage. 

. High amplification is possible with the: 

a. Diode. 

b. Triode. 

c. Tetrode. 

d. None of the above. 

. Secondary emission is a problem connected with 
what tube? 
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SUMMARY 


. The three generations of electronic devices are: 


a. The vacuum tube; developed in the late 19th 
century and discovered in 1904 as a rectifier 
device. 

b. The transistor; invented in 1948. 

c. The integrated circuit; invented in 1958. 


. Semiconductors are materials that fall in between 


conductors and insulators in terms of resistance. 
Common quadvalent elements used for basic 
semiconductor devices are silicon and germanium. 


. Trivalent and pentavalent elements are added to 


pure silicon or germanium to make N type or P 
type semiconductors. This process is called doping. 


. Rectification is the process of changing ac to dc. 


Diodes are PN semiconductor devices which can 
be used as rectifiers. 


. Reverse bias provides high resistance in a diode. 


Forwad bias provides low resistance in a diode. 
Diodes are labeled by a 1N prefix. They are rated 
by a peak inverse voltage (PIV) valve and a max- 
imum current rating. 


. Diodes can be tested with an ohmmeter or a 


semiconductor tester. 


. Light emitting diodes (LEDs) are special function 


diodes that, when connected in a forward bias 
direction, give off light. Light consists of 
photons. Photons are created by the joining of 
electrons and holes in the PN junction of the diode. 


. The transistor is a semiconductor device capable 


of amplification, oscillation, and switching. 
The three basic leads of a transistor are the emit- 
ter, base, and collector. 

Vacuum tubes are not used much now in electronic 
circuits, with the exception of the cathode ray tube. 
Transistors and integrated circuits are used more 
often in devices such as amplifiers, oscillators, and 
electronic switches. 

Cathode ray tubes are special vacuum tubes used 
in television, oscilloscope, and computer screens. 


TEST YOUR KNOWLEDGE, Chapter 13 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 


n 


12. 


13. 


14. 
15. 
16. 
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. A semiconductor is neither a good__ nor 


a good 

Define atomic number. 

Electricity can be conducted in two ways. Name 
these ways. 

Explain the difference between donor impurities 
and acceptor impurities. 


. A diode consists of two electrodes. Name these 


electrodes and state their functions. 
A potential hill or barrier prevents electrons and 
holes from 


. In forward bias, the barrier effect is 


In reverse bias, the barrier effect is 


. A point contact crystal has: 


a. P crystals. 

b. N crystals. 

c. Both P and N crystals. 
d. None of the above. 
What is PIV? 


. A field effect transistorisa__________ controlled 


device. 


. Name three disadvantages vacuum tubes have over 


transistors and integrated circuits. 

Draw and label the symbols for a diode, triode, 
tetrode, and pentode. 

Determine the approximate voltage needed by the 
following tubes. 

a. Se 

b. 12AX7. 

c. 35W4. 

What is the purpose of the grid in a triode? 

In what tube is the suppressor grid found? 

The arrow of an NPN transistor points in. True 
or False? 


FOR DISCUSSION 


. Why is it important for electronic circuits to be made 


smaller and smaller? 


. Why has the vacuum tube lost out to the transistor 


and IC in the field of electronics? 


. What is meant by solid-state? 
. How is the cathode ray tube used for both televi- 


sion screen and oscilloscope displays? What are 
some likely replacements in the future for cathode 
ray tubes? 


Basic Electronic Devices 


FISHER 


Many basic electronic devices studied in this chapter are combined in this television. For 
example, a Cathode Ray Tube is utilized as a picture tube, while many other electronic 
devices are used to produce a sharp picture and clear sound for entertainment. 
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INTEGRATED CIRCUITS 
Low cost 
Higher switching speed 
Low power consumption 


e Small size 


ADVANTAGES 


e High component density 


Some components cannot be fabricated 


Large amounts of current and voltage 
cannot be handled 
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Integrated circuits compared to transistors. 


CONNECTION 
Pes POINTS Se 
2 ALUMINUM 3 
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CAPACITOR TRANSISTOR R; 
G: (NPN TYPE) COLLECTOR RESISTOR 


Illustration showing how various components are 
integrated into a circuit. 
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GOULD AMI SEMICONDUCTORS 
Integrated circuits in dual in-line packages (DIPs). Notice the gull-wing- 
shaped leads on the smaller IC. They allow for surface mounting of the 

device. 


The integrated circuit (IC), or chip, has become the basis for most of our modern microelectronics. Chips, while very small in 
size, can perform the functions of transistors, diodes, resistors, and capacitors. 
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After studying this chapter, you will be able to: 
E Define integrated circuit (IC). 

Give a brief history of the IC. 

H Discuss the construction of an IC. 

E Illustrate the steps in construction of an IC. 


An INTEGRATED CIRCUIT, or IC, is a complete 
electronic circuit contained in one package, Fig. 14-1. 


This package often includes transistors, diodes,- 


resistors, and capacitors along with the connecting wir- 


da 


Chapter 14 
INTEGRATED CIRCUITS 


ing and terminals. An IC is also called a “chip.” 

As discussed in Chapter 13, the transistor was 
invented in 1947 by Brattain, Bardeen, and Shockley 
of Bell Laboratories. The transistor did what Lee 
DeForest's triode amplifier did. And it did not need 
heat to operate. Also, it was solid (solid-state) and 
much smaller. Transistors were first used in hearing 
aids and in small transistor radios. Small size and 
efficient operation made transistors useful in defense 
items. 
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Fig. 14-1. A single silicon chip. It contains 150,000 transistors. 
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Transistors were also used in the newly developed 
electronic computer circuits of the 1950s and early 
1960s. Computers used thousands of switching circuits. 
Transistors were able to quickly perform this switching 
function. But as computer circuits became larger, elec- 
tronic circuits needed to become smaller. Because com- 
ponents of circuits had to be wired together, making 
smaller circuits was a complex task. Printed circuits 
helped, but wiring was still bulky. This problem was 
solved by integrating all these components into one 
solid piece of material. See Fig. 14-2. 


14.1 HISTORY OF THE INTEGRATED CIRCUIT 


In 1952, G.W.A. Dummer of the Royal Radar 
Establishment (Great Britain) had the idea for an 
integrated circuit. However, his ideas were not put into 
work at that time. In 1957, a new process for planar 
transistors was developed at Fairchild Semiconductors. 
This allowed semiconductor emitters, bases, and other 
parts to be made on the surface of a silicon wafer. 

In early 1958, Jack Kilby of the Texas Instruments 
corporation was working on making micromodules. 
These were to be made by printing the components on 
a ceramic wafer. He realized that semiconductors and 
other components could be made on the same surface 
by a manufacturing process. The first commercially- 
produced integrated circuit resulted from this work. 
It was made on a thin wafer of germanium. It still had 
wire connections; a major problem of wiring together 
large amounts of transistors and other conductors. 
About the same time, another process for making 
ICs was being studied at Fairchild Semiconductors. Us- 
ing the principles of planar transistor manufacturing, 
Robert Noyce used silicon dioxide dopants to protect 
PN junctions. 

The integrated circuit has changed the electronics 
field. In 1965, about 30 components could be put on 
a silicon chip 5 millimeters (3/16 in.) square. By 1982, 
that number had increased to 1,000,000, Fig. 14-3. 


REVIEW QUESTIONS FOR SECTION 14.1 


. What is an integrated circuit? 
. Who invented the transistor? The IC? 


. List the advantages and disadvantages of ICs 
when compared with transistors. 


14.2 IC CONSTRUCTION 

An integrated circuit is made on a thin piece of silicon 
with a one to two inch diameter. Each piece of silicon 
can contain from 100 to 1000 (and more) circuits. Mak- 


INTEGRATED CIRCUITS 
e Low cost 
e Higher switching speed 
e Low power consumption 
e Small size 


e High component density 


* Some components cannot be fabricated 


e Large amounts of current and voltage 
cannot be handled 
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Fig. 14-2. The advantages and disadvantages of ICs when 
compared with transistors. 


TYPE OF 


DATE LEVEL OF 
COMPONENT COMPONENT 
INTEGRATION INTEGRATION 
SMALL SCALE UP TO 10 
INTEGRATION COMPONENTS 
OR GATES. 
1968— MEDIUM SCALE UP TO 100 
1969 INTEGRATION (MSI) COMPONENTS 
OR GATES. 
1970 LARGE SCALE UP TO 1000 
INTEGRATION (LSI) COMPONENTS 
; OR GATES. 
Early VERY LARGE SCALE 1000 OR MORE 
1980s INTEGRATION (VLSI) COMPONENTS 
OR GATES. 
Late MEGA 1 MILLION OR MORE 
1980s INTEGRATION COMPONENTS 
PER CHIP. 


Fig. 14-3. Levels of integration. 


ing an integrated circuit is a detailed process. Many 
steps are involved in creating this tiny device. 

The CIRCUIT DESIGNER begins the production 
process by designing the complete integrated circuit. 
One factor affecting design is the intended use of the 
IC. With this in mind, the designer plans the best IC 
for use. He or she submits the completed design in the 
form of a schematic diagram. 

From this schematic diagram, the LAYOUT 
DESIGNER creates a detailed technical drawing. The 
circuit is drawn much larger than the final product, 
Fig. 14-4. This is done so when the drawing is reduced 
there will be enough space between parts. It is impor- 
tant that none of the lines touch each other. If they 
do, when the circuit is tested it will short out. 

Next, each circuit layout is PHOTOGRAPHICALLY 
REDUCED. It is not unusual for the layout to be 
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Fig. 14-4. This circuit diagram will be reduced hundreds of 
times before it is used to make circuits. 


reduced 400 times. A reduced layout allows for hun- 
dreds of circuits to be put on one wafer. 

Working plates are made from the reduced layouts. 
These plates are called PHOTOMASKS. Each 
photomask goes with a certain step in the production 
process. Each mask contains a large number of actual 
sized, identical parts. The photomasks are now ready 
for use. Production of the IC itself can now begin. 

Crystals are needed to build ICs. That is because the 
structure of an IC is a pure silicon crystal. To make the 
crystal, liquid silicon is purified. A solid silicon particle, 
or SEED, is dipped into the melted silicon. It is slowly 
withdrawn and placed in a cool area. This solid then 
grows into a long, thin crystal. Small portions of im- 
purities are then added. The impurities give the silicon 
its electrical traits. The grown crystal is sliced into 
wafers about .5 mm thick, Fig. 14-5. The wafers are 
then polished. This rids the wafer of surface scratches 
and contaminants. 

On the thin wafers of doped silicon, the basic 
building process begins. The circuit is built, layer by 
layer, on the silicon wafer, or SUBSTRATE. Each 
layer receives a pattern from the photomask. 

The first layer on top of the silicon is a layer of N 
type material. It is grown on the wafer. It is called the 
EPITAXIAL layer, Fig. 14-6. Epitaxy is a growth of 
one crystal on the surface of another crystal. This is 
the collector for a transistor or an element of a diode. 

Next, a thin coat of silicon dioxide is grown over the 
N type material, Fig. 14-7. This is done by exposing the 
wafer to an oxygen atmosphere at about 1000 degrees 
Celsius. 
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Fig. 14-5. 


Sliced and cut silicon wafers. 


N TYPE LAYER 
EPITAXIAL 
25 MICRONS THICK 


A 


P TYPE SILICON 
SUBSTRATE 


Fig. 14-6. Growing N type material on P type substrate. 


SILICON DIOXIDE 


iA TYPE 


P TYPE 


Fig. 14-7. A silicon dioxide layer is placed on top of the N type 
layer. 
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Next, a thin coat of a light-sensitive emulsion is 
placed over the N type layer. The emulsion is called 
PHOTORESIST. In a process called PHOTOEN- 
GRAVING, the photomask is placed over the N type 
layer. Then the entire wafer is exposed to ultraviolet 
light, Fig. 14-8. The light causes the image of the 
photomask to transfer to the wafer. 

The exposed photoresist hardens. The areas covered 
by the mask remain soft. Acids or solvents are used to 
etch away the unexposed area of the photoresist. This 
leaves the layer of the N type silicon exposed, Fig. 14-9. 

The exposed N type layer is further etched away by 
very hot gases. A chemical washes away any remaining 
hardened photoresist to expose all N type silicon 
dioxide. 


MASK 


Fig. 14-8. The photoengraving process. 


ETCHED OXIDE LAYER 


Fig. 14-9. The first masking and etching isolates components. 
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As parts of the IC are constructed, they must be 
isolated from each other. This is done by diffusion. DIF- 
FUSION is a process in which impurities are doped into 
the silicon wafer to form the needed junctions. Diffu- 
sion forms islands of N type materials backing P type 
materials. 

The wafer is diffused using boron. The boron cuts 
into and forms a P type material on all areas not pro- 
tected by the silicon dioxide. The wafer has isolated 
islands of N type material, Fig. 14-10. NP junctions 
form around each island. There are back-to-back 
diodes between each N type island. * 

During diffusion, a new layer of silicon dioxide 
forms over the diffused P type areas, as well as on top 
of the islands, Fig. 14-11. 


SILICON DIOXIDE LAYER 


Fig. 14-10. N type material remains after P diffusion. 


LATTICE SEMICONDUC 
P type diffusant on N type silicon dioxide. 


Fig. 14-11. 
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The wafer is again coated with photoresist and 
exposed under a photomask. Areas in the N type 
islands are etched away. Once again, the wafer is sub- 
jected to a P type diffusant. This forms areas for tran- 
sistor base regions, resistors, or elements of diodes or 
capacitors. The wafer is then reoxidized, Fig. 14-12. 

The wafer is again masked and exposed to open win- 
dows in the P type regions. A phosphorus diffusant 
is used to produce N type regions for diodes and 
capacitors. Small windows are also etched through to 
the N layer for electrical connections, Fig. 14-13. The 
total wafer is again given an oxide coating. 

The monolithic circuit is now complete except for the 
ALUMINUM INTERCONNECTIONS. The alumi- 
num interconnections join islands. They also join the 
circuit to other circuits and other devices. 

A thin coat of aluminum is vacuum-deposited over 
the entire circuit. Then, the aluminum coating is sen- 
sitized and exposed through another special mask. 
After etching only the interconnecting aluminum 
remains. It forms a pattern between transistors, diodes, 
and resistors, Fig. 14-14. The completed circuits are 
then tested, Fig. 14-15. In one test the circuits are used 
to perform a series of electrical tasks, Fig. 14-16. 
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Fig. 14-12. P type regions are diffused in the N type islands. 


BURR-BROWN 


Fig. 14-14. Aluminum interconnections. 


BURR-BROWN 


Fig. 14-15. Wafer testing must take place in a sterile area. 
Even a small piece of dust can ruin a circuit. 


Fig. 14-13. Windows are opened in the P type regions. 
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Fig. 14-16. IC test clip. 
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After testing, the wafers are separated into individual 
chips. This is usually done by scribing with a diamond- 
tipped tool. The chips are then mounted onto a small 
can or flat package, Fig. 14-17. Leads are bonded. The 
ICs are washed. The cavities that hold the ICs are 
sealed. Finally, the ICs are shipped to a distributor. 


RESISTORS 


The process just discussed is used to make semicon- 
ductor materials on ICs. This process can be used to 
make resistors, capacitors, and diodes. 

Recall that N type or P type materials have certain 
resistances. Resistance depends on the physical size of 
the material (length or surface area) and the amount of 
dopants in the material. Semiconductors are made with 
very pure silicon. Through the doping process, impure 
trivalent or pentavalent atoms are added to produce the 
N type or P type substrate material. For example, a 
P type silicon material is used as the substrate. An 
N type material is diffused into the surface of the chip, 
Fig. 14-18. Then another P type material is added to the 
N type material. Metal leads are fastened to the end of 
this P type material. The P type material and its two 
connections are used for a resistor. 


CAPACITORS 


Like resistors, capacitors can be made in an in- 
tegrated circuit. Values for these capacitors are very 
small. However, they are still able to perform functions 
of coupling and storage. Fig. 14-19 shows how a 
capacitor can be made in an integrated circuit. 


BURR BROWN 
Fig. 14-17. ICs can be mounted in several ways. 


PUTTING IT TOGETHER 


An example of how a transistor, resistor, and 
capacitor can be integrated into one circuit is shown in 
Fig. 14-20. Keep in mind that thousands of these cir- 
cuits can be placed onto an area the size of the head of 
a pin. 


N TYPE 
RESISTOR 


ALUMINUM OR METAL 
CONTACTS 


P TYPE 
— SUBSTRATE 


Fig. 14-18. Resistors made on an integrated circuit. 
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Fig. 14-19. Capacitors made on an IC. 
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Fig. 14-20. Various components integrated into a small 
circuit. 
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Fig. 14-21. Outlines for several types of ICs. Note the manner 
in which the pins are numbered. 


COMMON TYPES OF ICs 


Integrated circuits come in two basic types. The type 
depends on their function. These types are LINEAR 
and DIGITAL. 

Linear ICs have variable outputs, controlled by 
variable inputs. These ICs are also called ANALOG 
devices or circuits. Linear ICs are components in linear 
amplifiers, operational amplifiers, voltage regulators/ 
buffers, voltage comparators, analog switches, and 
audio amplifier circuits. Linear ICs will be discussed 
in more detail in Chapter 16. 

Digital integrated circuits are used as switches. Their 
output operates in either on or off conditions. They are 
found in many logic and gate circuits in computers. 
These will be discussed in Chapter 17. 

Several IC designs, including pin numbering systems 
and dimensions, are shown in Fig. 14-21. 


REVIEW QUESTIONS FOR SECTION 14.2 


. What is the purpose of photomask? 

. The silicon wafer on which an IC is built layer by 
layer is calledthe_________.. 

. A light-sensitive emulsion that accepts the 
transferred image of the photomask is called: 
a. Photoengraver. 

b. Film. 
c. Photoresist. 
d. None of the above. 

. What is diffusion? 

. What is the purpose of aluminum inter- 
connections? 

. Give the pin number (in blue) for the IC below. 
(Refer to an IC data handbook.) 


. Name the two common types of ICs. 


SUMMARY 


1. An integrated circuit, or IC, is a complete electronic 
circuit in a small package. It contains many tran- 
sistors, diodes, resistors, and capacitors. 

. ICs are also called chips. 

3. Advantages of the IC are its low cost, high com- 
ponent density, high switching speed, low power 
consumption, and small size. The disadvantages are 
only certain parts can be built into an IC and it is 
limited in voltage and current amounts it can handle. 


ty 
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. The IC production process is a detailed, involved 


one, in which one circuit is built on another circuit. 


. ICs come in many styles, sizes, and housing outlines. 
. The two basic types of ICs are linear and digital. 


TEST YOUR KNOWLEDGE, Chapter 14 


Please do not write in the text. Place your answers on 


a separate sheet of paper. 


1. 


4. 
S 


6. 


An IC: 

a. Isa complete electronic circuit. 

b. Often contains transistors, diodes, resistors, 
and capacitors. 

c. Is also called a chip. 

d. Allof the above. 


NE AAA ec the IC production 


process by illustrating the complete IC. 


. Why is the initial drawing of an IC done on such a 


large scale? 

Why are silicon wafers polished? 

A Pe is the growth of one crystal on the sur- 
face of another crystal. 

During photoengraving, the covered areas remain 
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Label the layers in the following sketch. 


. During diffusion,_____ are added to the silicon 


wafer to form needed junctions. 


. Why are completed ICs tested? 
. Linear ICs are also called 


— devices or 


circuits. 


. Digital integrated circuits areusedas_____. 


FOR DISCUSSION 


. What are the two primary functions of an electronic 


amplifier device? 


. Explain how resistors are made on an IC chip. 
. Explain the difference between linear and digital 


ICs. 


. What has caused the drop in IC cost in the past 10 


years? 


Integrated Circuits 


SOLAREX CORP 
Photovoltaic module for powering a 12 V refrigeration circulator pump. Unit has film of amorphous 
(uncrystallized) silicon as the absorber. The amorphorous construction saves wafer cutting time. 
Some scientists believe that integrated circuit chips will one day be made of amorphous silicon. 
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Part IV Summary 
ELECTRONIC DEVICES AND APPLICATIONS 


IMPORTANT POINTS 


. Electronics is the study of the flow of electrons in 
active devices such as transistors, integrated cir- 
cuits, and vacuum tubes. 

. The transistor was invented in 1948. 

. Semiconductors are made of materials that are 

somewhere in between conductors and insulators 

in terms of resistance. 

. Pentavalent elements have five electrons in their 

outermost shell. Trivalent elements have three elec- 

trons in their outermost shell. 

. Diodes are rectifiers that are able to pass current 

easily in one direction and block it in the other 

direction. 


10. 


11. 
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. Diodes have high resistance in the reverse bias 


direction and low resistance in the forward bias 
direction. 


. Transistors are semiconductor amplifying devices. 


They are either PNP and NPN. 


. Vacuum tubes were the first electronic amplifier 


devices. However, they have been largely replaced 
by transistors and ICs. 


. Cathode ray tubes are vacuum tubes. Some uses 


include TV video display units, oscilloscopes, and 
computer monitors. 

Integrated circuits (ICs) are complete electronic cir- 
cuits contained in one package. ICs are also called 
chips. 

ICs are either linear or digital. 


SUMMARY QUESTIONS 2. What type of device is a 2N 5089? Give its specifica- 
tions and case type. 
1. Look up a 1N 4004 diode and find out the follow- 3. Refer to an IC data handbook. What is a 555 type 


ing specifications: IC? What is its function? How does it differ from 
a. PIV. a 556? What is the case outline for the 555? 
b. Reverse amperage. 4. What is the purpose of an IC tester? 
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Part V 
BASIC ELECTRONIC CIRCUITS 


15 Power Supplies 

16 Amplifiers and Linear Integrated Circuits 
17 Digital Circuits 

18 Oscillators 


Basic electronic circuits are very important to the 

operation of all electronic products. While the layout 

of each circuit may differ, their purpose remains the ' 
same. 

Chapter 15 is Power Supplies. The purpose of any 
power supply is to provide the voltage and current 
necessary to properly operate an electronic device. 
Chapter 15 discusses power supply designs and major 
circuit block functions. Three excellent projects are pro- 
vided for students to construct. 

The topic of Chapter 16 is Amplifiers and Linear 
Integrated Circuits. Amplification and amplifier oper- 
tion are major topics of discussion in this chapter. 
Linear ICs function and operation are also discussed. 

Digital Electronic Circuits is the title of Chapter 17. 
The binary numbering system is explained, along with 
switching circuits. Types of logic gates are discussed. 
Digital electronics applications are also highlighted. An 
excellent project, Binary Bingo, is found at the end of 
Chapter 17. — 

Chapter 18, Oscillators, covers the generation of 

signals or waveforms in electronics. A number of 
oscillators are discussed. 
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KEPCO, INC. 
One type of power supply. Name several uses for this power supply. 


Power supplies operated from 120 V outlets are often more convenient than battery, 

generator, alternator, or solar power supplies. Voltage regulation is easy to obtain with 

power supplies operated from 120 V. Most power supplies for transistor circuits are ad- 

justable from O V to 50 V. The adjustable power supply is very useful for getting data 
about circuit operation and for troubleshooting. 
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After studying this chapter, you will be able to: 

E Identify the power supply functions. 

EE Explain the differences between half-wave and full- 
wave rectification. 

E Outline various methods for regulating voltage. 

E Discuss methods for raising voltages. 

E Construct simple power supplies. 


Proper operation of electronic equipment requires 
a number of source voltages. Low dc voltages are 
needed to operate ICs and transistors. High voltages 
are needed to operate CRTs and other devices. Bat- 
teries can provide all of these voltages. However, the 
voltages are commonly supplied by the local power 
company at 115 volt ac and a frequency of 60 hertz. Dif- 
ferent voltages are needed to operate some equipment. 

A POWER SUPPLY is an electronic circuit designed 
to provide various ac and dc voltages for equipment 
operation. 


15.1 POWER SUPPLY FUNCTIONS 


The complete power supply circuit can perform these 
functions: 


1. Step up or step down, by transformer action, ac line 
voltage to required voltages. 

2. Change ac voltage to pulsating de voltage by either 
half-wave or full-wave rectification. 

3. Filter pulsating dc voltage to a pure dc voltage for 
equipment use. 

4. Provide some method of voltage division to meet 
equipment needs. 

5. Regulate power supply output in proportion to the 


applied load. R 
See Figs. 15-1 and 15-2 for common commercial 


power supplies. 


Chapter 15 
POWER SUPPLIES 


“ PROWRAR | 


~ KEPCO, INC. 
Fig. 15-1. Typical bench style power supply. It is to provide 
de voltages for equipment. 


KEPCO, INC. 


Fig. 15-2. Low voltage dc power supply. 
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TRANSFORMER 


e Changes ac to pulsating de 
(half-wave or full-wave). 
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down voltage or current. 
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elf center tapped, two 
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Fig. 15-3. Block diagram for power supply. Input is 117 volts ac. Processes used in typical power supply 


are shown below the blocks. Output of power su 


A block diagram illustrating these functions is shown 
in Fig. 15-3. Note that certain functions are not found 
in every power supply. 


THE POWER TRANSFORMER 


The first device in a power supply is the transformer. 
Its purpose is to step up or step down alternating source 
voltage to values needed for radio, TV, or electronic 
circuit use. Review transformer action, Chapter 9. 

Most transformers do not have any electrical con- 
nection between the secondary and primary windings. 
This is called ISOLATION. This is a safety feature. 
It helps prevent shocks in the secondary. Body or hands 
must be joined across both of the secondary connec- 
tions in order to receive a shock. 

This is not true in the primary with commercial ac 
provided by the power company. One connection is 
HOT. The other is GROUNDED or NEUTRAL. 
Standing on the ground, touching the hot connection 
will result in a shock. Touching the ground connec- 
tion will not result in a shock. See Fig. 15-4. 

Secondary windings can be tapped to provide dif- 
ferent voltages. A tap placed midway between the two 
ends of a secondary winding is called a CENTER TAP. 
Many power supplies use a center tap secondary 
transformer winding. The tapped voltages, Fig. 15-5, 
are 180 degrees out of phase with respect to the center 
tap. 

A variety of transformers can be found in nearly all 
electronic devices. Students should know the basic 
theory and purpose of the transformer. 


pply can be dc or ac. Output of this supply is 5 volts dc. 


ISOLATED 


HOT 
HOT 
SECONDARY 


GROUND 
GROUND 


Fig. 15-4. Isolation in a transformer. 


BY PRIMARY 


Fig. 15-5. A center tap transformer. 


LESSON IN SAFETY: Transformers produce high 
voltages that can be very dangerous. Proper respect 
and extreme caution must be used at all times when 
working with, or measuring, high voltages. 
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HALF-WAVE RECTIFICATION 


The process of changing an alternating current to 
a pulsating direct current is called RECTIFICATION. 
In Fig. 15-6, the output of a transformer is connected 
to a diode and a load resistor, in series. The input 
voltage to the transformer appears as a sine wave. From 
time to time polarity reverses at the frequency of the 
applied voltage. The output voltage of the transformer 
secondary also appears as a sine wave. Magnitude 
depends on the turns ratio. It is 180 degrees out of 
phase with the primary. The top of the transformer 
(point A) is joined to the diode anode. During the first 
half-cycle, point A is positive. The diode conducts, pro- 
ducing a voltage drop across R equal to IR. During 
the second half-cycle, point A is negative. The diode 
anode is also negative. No conduction takes place. No 
IR drop appears across R. 

An oscilloscope connected across R produces the 
wave form shown in Fig. 15-7. Note that the B side 
of the transformer is connected to ground. The out- 
put of this circuit is pulses of current flowing in only 
ONE direction and at the SAME frequency as the input 
voltage. The output is a pulsating direct current. 

Only one half of the ac input wave is used to pro- 
duce the output voltage. This is called a HALF-WAVE 
RECTIFIER. Look at the polarity of the output 
voltage. One end of the resistor R is connected to 
ground. The electron or current flow is from ground 
to the cathode. This makes the cathode end of R 
positive as shown. 


D; 
ANODE CATHODE 
+ 
PRI. 
R 
As OUTPUT NA 
HALF-WAVE DC 
AC 


GROUND 


Fig. 15-6. Basic diode rectifier schematic. 


a. 


R 
OUTPUT 


INPUT AC WAVE 


Fig. 15-7. Input and output wave forms of a diode rectifier. 


117 VAC 
Oy a 


A negative rectifier can be made by reversing the 
diode in the circuit, Fig. 15-8. The diode conducts when 
the cathode becomes negative. This is the same as mak- 
ing the anode positive. The current through R would 
be from anode to ground. This would make the anode 
end of R negative and the ground end of R more 
positive. Voltages taken from across R, the output, 
would be negative in respect to ground. This circuit 
is called an INVERTED DIODE. It is used when a 
negative supply voltage is required. 

It is possible to have a power supply that provides 
half-wave rectification without the use of a 
transformer. This circuit is not isolated. There is no 
step up or step down of voltages of currents. But it 
is a simpler, less costly design. And since there is no 
transformer, it can be used in smaller spaces, Fig. 15-9. 


FULL-WAVE RECTIFICATION 


The pulsating direct voltage output of a half-wave 
rectifier is hard to filter to a pure dc voltage. The half- 
wave rectifier uses only one half of the input ac wave. 
By using two diodes, both half-cycles of the input wave 
can be rectified. Refer to Figs. 15-10 and 15-11. To 
do this, a center tap is made on the secondary winding. 
The secondary winding is attached to ground. 


POSITIVE 
GROUND 


117 VAC 


INPUT 


D: 


INVERTED DIODE 


Fig. 15-8. An inverted diode produces a negative voltage. 


D, 
ES 


HALF-WAVE DC 


¡UE 


OUTPUT 
INPUT 


Fig. 15-9. Half-wave rectification without a transformer. 
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In Fig. 15-10, point A is positive and diode anode 
D, is positive. Current flows as shown by the arrows. 
During the second half of the input cycle, point B is 
positive, diode anode Dz is positive, and current flows 
as shown in Fig. 15-11. No matter which diode is con- 
ducting, the current through load resistor R is always 
in the same direction. Both positive and negative half- 
cycles of the input voltage cause current through R in 
the same direction. 

Output voltage of this FULL-WAVE RECTIFIER 
is taken from across R. It consists of direct current 
pulses at twice the frequency of input voltage, Fig. 
15-12. To produce full-wave rectification in this cir- 
cuit, secondary voltage was cut in half by the center tap. 

The diodes, D, and Dz, used in Figs. 15-10 and 
15-11, are packaged both individually and in pairs. Fig. 
15-13 shows two rectifiers. The center tap, or center 
lead, is used as the connection for the cathodes. The 
cathodes are wired together. 


Fig. 15-10. Arrows show current in full-wave rectifier during 


first half-cycle. 
| U 


Fig. 15-11. Direction of current during second half-cycle. 


MODO 


OUTPUT 
AC FULL WAVE DC 


INPUT 


Fig. 15-12. The wave forms of input and output of full-wave 


diode rectifier. 


The bridge rectifier 

It is not always necessary to use a center tapped 
transformer for full-wave rectification. Full secondary 
voltage can be rectified by using four diodes in a 
BRIDGE RECTIFIER CIRCUIT, Fig. 15-14 and 
15-15. Two circuits are shown so that current flow can 
be observed on each half cycle. 


INTERNATIONAL RECTIFIER 
Fig. 15-13. Dual diodes with center tap. 


Re C= 


Fig. 15-14. Current in bridge rectifier during first half-cycle. 
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In Fig. 15-14, point A of transformer secondary is 
positive. Current flows in the direction of the arrows. 
When point B is positive, current flows as in Fig. 15-15. 
Again, notice that the current through R is always in 
one direction. Both halves of the input voltage are rec- 
tified and the full voltage of the transformer is used. 

Bridge rectifiers can be used in circuits not having 
transformers. Without transformers, voltages or cur- 
rent will not be stepped up or down. There will be 
no isolation. These circuits are also called LINE- 
OPERATED BRIDGE CIRCUITS, Fig. 15-16. 


Fig. 15-15. Current in bridge rectifier during second half-cycle. 


117 VAC 


INPUT 


FILTERS 


The output of either the half-wave or full-wave rec- 
tifier is a pulsating voltage. Before it can be applied 
to the other circuits, the pulsations must be reduced. 
A more pure dc is needed. This is obtained using a 
FILTER NETWORK, Fig. 15-17. The line, Eay, 
shows the average voltage of the wave. It is equal to .637 

x peak voltage. The shaded portion of the wave above 
the average line is equal in area to the shaded portion 
below the line. Movement above and below the average 
voltage is called the ac RIPPLE. It is the ripple that 
requires filtering. The PERCENTAGE of ripple to the 
output voltage must be kept to a small value. The rip- 
ple percentage may be found using the formula: 


_ _ Erms of ripple voltage 


He iple = Eav of total output voltage a n 


Eav = 
.637 x PEAK 


PEAK RIPPLE VOLTAGE 


Eams OF RIPPLE = .707 x RIPPLE PEAK 


Fig. 15-17. Average value of full-wave rectifier output. 


FULL-WAVE DC 


OMN 


OUTPUT 


Fig. 15-16. Line-operated bridge rectifier circuit. 


235 


Electricity and Electronics 


A capacitor connected across the rectifier output pro- 
vides some filtering action, Fig. 15-18. The capacitor 
is able to store electrons. When the diode or rectifier 
is conducting, the capacitor charges rapidly to about 
the peak voltage of the wave. It is limited only by the 
resistance of the rectifier and the reactance of the 
transformer windings. Between the pulsations in the 
wave, voltage from the rectifier drops. The capacitor 
then discharges through the resistance of the load. The 
capacitor, in effect, is a storage chamber for electrons. 
It stores electrons at peak voltage. It supplies electrons 
to the load when rectifier output is low. See Fig. 15-19. 

Capacitors used for this purpose are electrolytic 
types. This is because large capacitances are needed in 
a limited space. Common values range from 4 to 2000 
microfarads. Working voltages are in excess of the peak 
voltage from the rectifier. 

The filtering action may be improved by adding a 
choke in series with the load. This filter circuit appears 
in Fig. 15-20. The filter choke consists of many turns 
of wire wound on a laminated iron core. 


FROM 
RECTIFIER OUTPUT 


(YY) 


C 
DISCHARGE 


wm 


RLOAD 


cy 


Fig. 15-18. Filtering action of a capacitor. 


Einput 


EouT 


DISCHARGE CHARGE 


Fig. 15-19. Input and output of capacitor filter showing 
change in wave form. 


CHOKE 


RLOAD 


Fig. 15-20. Further filtering is produced by the choke in series 
with the load. 


Recall that inductance was that property of a cir- 
cuit which resisted a change in current. A rise in cur- 
rent induced a counter emf which opposed the rise. A 
decrease in current induced a counter emf which 
opposed the decrease. As a result, the choke constantly 
Opposes any change in current. Yet 1t offers very little 
opposition to a direct current. 

Chokes used in radios have values from 8 to 30 
henrys. Current ratings range from 50 to 200 
milliamperes. Larger chokes may be used in transmit- 
ters and other electronic devices. Filtering action as a 
result of the filter choke is shown in Fig. 15-21. 

A second capacitor can be used in the filter section 
after the choke, to provide more filter action. See Fig. 
15-22. Action of this capacitor is similar to the first 
capacitor. The circuit configuration appears as the 
Greek letter m. The filter is called a PI (7) SECTION 
filter. 

The first filtering component is a capacitor. It is 
called a CAPACITOR INPUT FILTER. In Fig. 15-23 


Fig..15-21. Waveforms show filtering action of capacitor and 
choke together. 


Fig. 15-23. Choke input L filter. 
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the choke is the first filtering component. It is called 
a CHOKE INPUT FILTER. The circuit configuration 
now appears as an inverted L. It is called an L 
SECTION FILTER. Several of these filter sections may 
be used in series to provide added filtering. 

In the capacitor input filter, the capacitor charges 
to the peak voltage of the rectified wave. In the choke 
input, the charging current for the capacitor is limited 
by the choke. The capacitor does not charge to the peak 
voltage. As a result, the output voltage of the power 
supply using the capacitor input filter is higher than 
one using the choke input filter. 


REVIEW QUESTIONS FOR SECTION 15.1 


. Define power supply. 
2. List five functions provided by a complete 
power supply. 
. The first device in a power supply is the 


. A circuit that changes alternating current to a 
pulsating direct currentisa_________ 

. Name two types of full-wave rectifier circuits. 

. What is a ripple? 


15.2 VOLTAGE REGULATION 


The output voltage of a power supply will usually 
decrease when a load is applied. This is not good. It 
should be stopped. The voltage decrease under load 
compared to the power supply voltage with no load 
is called the PERCENTAGE OF VOLTAGE 
REGULATION. It is one factor used to determine the 
quality of a power supply. Expressed mathematically, 

En — Er 


Y Voltage Regulation =o A x 100, 


where Eni equals voltage with no load and Er equals 
voltage with full load 


For example, a power supply has a no load voltage of 
30 volts. This voltage drops to 25 volts when a load 
is applied. What is its percentage of regulation? 


; 30 V —- 25 V | 
% Regulation = 35 V x 100 
5 
= 55 x 100 = 20% 


LOAD RESISTOR 


To complete the basic power supply circuit, a load 
resistor is connected across the supply, Fig. 15-24. This 
resistor serves: 

1. As a BLEEDER. During operation of the power 
supply, peak voltages are stored in the capacitors 
of the filter sections. These capacitors remain 
charged after the equipment is turned off, and can 
be dangerous if accidentally touched by the techni- 
cian. The load resistor serves as a “bleeder.” It 
allows these capacitors to discharge when not in use. 
The wise technician will always take the added 
precaution and short-out capacitors to ground with 
an insulated screwdriver. 

2. To improve regulation. The load resistor acts as a 
preload on the power supply. It causes a voltage 
drop. When equipment is attached to the supply, 
the added drop is fairly small and the regulation 
is improved. For example, assume the terminal 
voltage of a power supply is 30 volts with no load 
resistor. No equipment is connected to it. When 
equipment is connected and turned on, the voltage 
drops to 25 volts. Regulation is 20 percent. (See 
previous example under voltage regulation.) If the 
resistor across the power supply produces an initial 
drop to 26 volts, then output voltage is considered 
26 volts. If the equipment now connected to the 
supply causes the voltage to drop to 25 volts, then 
the power supply regulation is, 


: 26 V — 25V 
% Regulation = 95 y x 100 
1V 
= 35y x 100 = 4% 


Fig. 15-24. Complete power supply circuit with load resistor. 
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The usable voltage of the supply has only varied 
four percent. A further advantage of preloading the 
supply is an increase in the choke filtering action. 
The resistor allows current to flow in the supply at 
all times. A choke has better filtering action under 
this current condition than when current varies be- 
tween a low value and zero. 

3. As a voltage divider. The load resistor provides a 
way of obtaining several voltages from the supply. 
Replacing the single load resistor with separate 
resistors in series provides several fixed dc voltages, 
Fig. 15-25. A sliding tap resistor provides for voltage 
adjustments. This is called a VOLTAGE DIVIDER. 
It takes advantage of Ohm’s Law which states that 
the voltage drop across a resistor equals current 
times resistance, (E = I x R). In Fig. 15-25, the 
three resistors are equal. The voltage drop divides 
equally between them. And their sum equals the 
applied voltage. Other values of resistors may be 
used, if other voltages are required. 

Do not neglect the effect of connecting a load to one 
of the taps on a voltage divider. This load is in parallel 
to the voltage divider resistor. It decreases total resistance 
and, therefore, changes the voltage at that tap. 

In Fig. 15-26, the divider consists of three 5 kilohm 
(k Q) resistors. The supply of 30 volts divides to 10 
volts, 20 volts, and 30 volts at terminals C, B, and A 
respectively. If a load of 5 kilohm is now connected 
to terminal C as shown, it is parallel with Ra and 
resistance becomes: 


The total series resistance across the power supply is 
5 kQ + 5kQR + 2500 Q = 12,500 Q. The current 
through the divider is: 


I= ne 12,500 Q = .0024 amps 


The voltage at point C is: 
E = Į xR = .0024 x 25000 = 6 V 


The voltage at point B is 18 volts. If another load were 
connected to point B, a further change of voltage divi- 
sion would result. 


ZENER DIODE 


An electronic device that may be used as a voltage 
regulator is the ZENER DIODE, Fig. 15-27. 


Fig. 15-25. Voltage divider across power supply output. 


A 30 V 


Fig. 15-26. Diagrams show change in resistance in a voltage 


divider when a load is attached. 


CATHODE ANODE 
(K) i (A) 


Fig. 15-27. Zener diode symbol. 
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Fig. 15-28 shows a characteristic curve for a zener 
diode. When the diode is forward biased, it acts like 
a diode or a closed switch. When applied voltage is 
increased, the forward current increases. When the 
diode is reverse biased, a small reverse current flows 
to a point where the diode reaches the zener breakdown 
region, V2. At this point the zener diode is able to main- 
tain a fairly constant voltage as the current varies over 
a certain range. Because of this, the diode provides 
excellent voltage regulation. 

Fig. 15-29 shows a zener diode being used as a sim- 
ple shunt regulator. 


FORWARD BIAS 


ZENER 
BREAKDOWN 
REGION 


VOLTAGE 


VOLTAGE 
REMAINS 
CONSTANT 
OVER 
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BIAS CURRENT 


Fig. 15-28. Zener diode characteristics. 
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PULSATING 
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VOLTAGE REGULATOR CIRCUIT 


Some method for providing a constant voltage out- 
put at the power supply under varying load conditions 
is needed. This method would take into consideration 
the fact that a voltage drop across a resistor is equal 
to the product of current and resistance. 

This method comes in the form of a circuit and is 
shown in Fig. 15-30. The total input of the power 
supply filter is applied to terminals A and B. 
Regulated output is across points C and B. The 
voltage regulator used in Figs. 15-30 is often called a 
three terminal fixed voltage regulator. Common out- 
put regulated voltages can be 5, 6, 8, 12, 15, 18, 24 
volts, etc. (Various current ratings are available from 
manufacturers.) 

Regulators also come in a number of common tran- 
sistor package designs (TO-3, TO-39, TO-202, TO-220, 
etc.). These solid-state regulators are basically blowout 
proof. They require that a heat sink be used to remove 
excess heat from the device. 


VOLTAGE 
REGULATOR 


UNREGULATED 
INPUT FROM 


GROUND REGULATED 


OUTPUT 
Cout 


Fig. 15-30. Basic voltage regulator circuit. 


REGULATED DC 
OUTPUT 


Ri 


Fig. 15-29. Zener diode as shunt voltage regulator. 
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The internal circuits used for these voltage regulators A circuit for an adjustable voltage regulator is shown 
are quite complex. They have a number of transistors, in Fig. 15-32. Values are given for the components. Use 
diodes, zener diodes, and resistors built into one small a proper heat sink on the voltage regulator case to stop 
package. Fig. 15-31 shows two voltage regulator overheating problems. A voltage regulator, on a car, 
schematics and their package designs. controls the voltage that reaches the alternator’s rotor. 


schematic and connection diagrams 


TO-220 (T) 
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LM340T-5.0 LM340T-15 LM340T-5.0R LM340T-15R 
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LM340K-12 LM340K-12R 
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NATIONAL SEMICONDUCTOR CORP. 


Fig. 15-31. Schematic and connection diagrams for voltage regulators. 
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5 V to 24 V REGULATED 1 AMP. POWER SUPPLY 


Py 
Ti 


D,-D, 


LAYOUT SCHEMATIC 


PARTS LIST 

Cı 3000 aF CAPACITOR 

Ca 100 aF CAPACITOR 

Cs .10 aF CAPACITOR 

D,-D, IN4003 DIODE 

IC, LM309K REGULATOR 

P, AC LINE CORD 

P, 2 TERMINAL STRIP 

R, 470 OHM RESISTOR, 1 WATT 
(YELLOW, VIOLET, BROWN, GOLD) 

R2 5K POTENTIOMETER 

S, SPST SLIDE SWITCH 

T, 117 V to 24 V RMS TRANSFORMER 


IC1 PIN NO.S 
BOTTOM 


OUTPUT 
5-24 V 


Heat sink for LM 309 regulator which has a TO—3 case. 


A similar adjustable power supply (5—15 volts dc, .5 to 1.5 amp) utilizing the LM309k regulator is 
available in kit form part No. JE210 from Jameco Electronics, 1355 Shorway Rd., Belmont, CA 94002, 


(415) 592-8097. 


e 


JAMECO ELECTRONICS 


Fig. 15-32. 5 to 24 volts regulated 1 amp power supply. 


REVIEW QUESTIONS FOR SECTION 15.2 


. What is the purpose of a voltage regulator in 
a power supply? 

. A power supply has a no load voltage of 65 
volts. Voltage drops to 45 volts when a load 
is applied. What is the percentage of voltage 


regulation? 

. List three purposes for using a load resistor in 
a power supply. 

. A zener diode is an electronic device that acts 


asa es 
. What is the symbol for a zener diode? 


15.3 VOLTAGE DOUBLERS 


Up to this point, it has been assumed that the source 
of power was 117 volt ac found in homes and schools. 
The transformer was used to step up or step down the 
voltages required for the electronic circuits. Because 
transformers are heavy and costly, voltage multiply- 


165 VOLTS 


- OE 
165 VOLTS PEAK 


= 


D, RL 


PEAK O 
ar 
117 VAC 


B 
A 
C, D2 
A SNE + 
+ O) 
| 165 V PEAK 
165V em + A A 
PEAK Hy D, Ga L 
ened 
B 


Fig. 15-33. A— During first half-cycle, Cı charges through con- 

duction of rectifier Dı. B—During second half-cycle, applied line 

voltage is in series with charge on C4. Current flows through D2. 
C2 gets the sum of line voltage and that from C,. 


- ing circuits have been devised to raise voltages without 
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the use of transformers. 
Study Fig. 15-33. It shows the action in a half-wave 
voltage doubler circuit. 
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In Fig. 15-33A, the input ac voltage is on the negative 
half-cycle. As a result, point A is negative. Current 
flows from point A, through the rectifier D,, and 
charges capacitor C, to the polarity shown. 

During the positive half-cycle, point A is positive. 
The applied peak voltage of 165 volts is in series with 
the charged capacitor C,. In the series connection the 
voltages add together. So the output from the doubler 
is the applied voltage plus the voltage of C,. Current 
cannot flow through the rectifier D, due to its one-sided 
conduction. The output wave form shows half-wave 
rectification with an amplitude of about twice the input 
voltage. Rectifier Dz permits current to flow in only 
one direction to the load. 

A full-wave voltage doubler is drawn in Fig. 15-34. 
During the positive peak of the ac input, point A is 
positive. Current flows from point B, charging C, in 
the polarity shown, through D, to point A. 

During the negative cycle of the input, point A is 
negative. Current flows through D, to C2 and charges 
it to the noted polarity, to point B. 

Notice that during one cycle of ac input, capacitors 
C, and C: have been charged so that the voltages across 
C, and C; are in series. The output is taken from across 
these capacitors in series. The output voltage is the sum 
of both voltages or twice the input voltage. 

Voltage doubler circuits provide useful high voltages 
for circuits needing low current. Because output voltage 
depends on charged capacitors, voltage regulation is 
poor. Conventional filter circuits are added to smooth 
out the voltage as in transformer rectifier circuits. 


AC-DC SUPPLY 


In Fig. 15-35, a common ac-dc power supply is 
shown. It is used in many small radios and calculators. 
When used with ac, the output is pulsating dc. This 
must be filtered. The capacitor input filter is used to 
secure the higher voltage. Usually, in a radio using this 
supply, the negative of B — is grounded to the chassis. 
If the ac plug is inserted the wrong way in the wall 
socket, severe shock is possible, if ground and chassis 
is touched. 

When this supply is used on dc, the positive side of 
the dc line must be connected to the anode of the diode. 
The set will not operate otherwise. Current will only 
flow from cathode to plate. 

LESSON IN SAFETY: The ac-dc radio described 
in Fig. 15-35 is dangerous if the ac plug is connected 
the wrong way. One wire of your house wiring system 
is grounded to a water pipe, which will ground your 
radio only if the plug is inserted correctly. If the plug 
is reversed, an accidental contact between the radio and 
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a water faucet would give a severe shock across the body. 
If the radio came in contact with any grounded table 
or appliance, sparks will fly. 


FLOATING GROUND 


Some hazards of the ac-dc supply can be avoided. 
Isolate the radio chassis from ground by a buffer 
capacitor. The chassis is not used as a common ground. 
The negative terminals are wired together in a 
FLOATING GROUND system. See Fig. 15-36. 


Fig. 15-34. A—C, charges during first haif-cycle. B—C, + C2 
in series. 


Fig. 15-35. An ac-dc power supply circuit. 


CHASSIS 


Fig. 15-36. An ac-dc supply with floating ground. 
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REVIEW QUESTIONS FOR SECTION 15.3 


1. What type of circuit is shown below? How does 
it operate? 


2. A line voltage of 117 volts ac produces a peak 


voltage of 
doubler. 

. Why are voltage doubler circuits important for 
electronic equipment? 


volts when using a voltage 


15.4 POWER SUPPLY CONSTRUCTION 


12 VOLT AUTOMOBILE BATTERY 
TRICKLE CHARGER 


A battery charger for an automobile is shown in Fig. 
15-37. It is called a TRICKLE charger because it pro- 
vides a low level of charging current compared to ser- 
vice station chargers. This battery charger is excellent 
for recharging an automobile battery overnight, or for 
12 to 24 hours. 

The ammeter shows output current while charging. 
A minimum amount of output current means that the 
battery is reaching a maximum charge. Fig. 15-38 shows 
a power supply schematic that can be used as a bat- 
tery charger. Wiring is simple. This project is fun to 
construct. The parts list is shown in Fig. 15-39. 


Fig. 15-37. Trickle charger used for recharging batteries. 


Fig. 15-38. 12 volt power supply. 


SPST switch i 

Step-down transformer, 117 V primary, 12 V CT 
secondary at 3A 

Diodes, 50 PIV at 5A (RCA SK 3586) 
1000-5000 „F, 50 volt capacitor (electrolytic) 
3 amp fuse with holder 

0-3 amp, ammeter 


Also needed: line cord, chassis output leads with alligator clips. 


*C, is only needed when operating 12 volt automotive equipment 
such as a radio or a tape player. It is not needed when using this 
power supply as a battery charger. 


Fig. 15-39. Parts list for 12 volt power supply. 


This power supply can also be used to operate 12 volt 
automotive tape players and radios by adding C,, shown 
in the schematic. 


0-15 VOLT DC LOW AMPERAGE 
POWER SUPPLY 


A 0-15 V dc power can be used to power transistor 
radios. Or it can provide a low voltage substitute for 
many dc operated electronic devices. The maximum 
output current is 100 mA. See Fig. 15-40. See Figs. 
15-41 and 15-42 for the schematic and parts list. 


GRAYMARK ENTERPRISES, INC. 
Fig. 15-40. Solid-state, low voltage power supply. 
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SCHEMATIC DIAGRAM 


Fig. 15-41. Schematic diagram for 0-15 volt dc power supply. 


(1) Potentiometer, 10 k ohms, 2 W (62110) 

(1) Resistor, solid, 820 ohms, 1/2 W, 10% (61821) 
(1) Resistor, solid, 1 k ohms, 1/2 W, 10% (61377) 
(1) Capacitor, electrolytic, 100 „F, 35 WV (62100) 
(1) Capacitor, ceramic disc., .02 „F, 50 V (61231) 

(1) Capacitor, electrolytic, 470 pF, 16 WV (62101) 


CR,, CR2 — (2) Diode, silicon, power, 50 PIV, 1 A (62102) 


CR3 — 


Q, — 


T = 


(1) Diode, zener, 16 V, .5 W RCA SK 3142 (62109) 
(1) Transistor, power, with 2-insulative washers * 
(62103) 

(1) Transformer, power, P = 117 V,S = 40 V, at 
135 mA* (62104) 


* Attached to panel 


This power supply may be ordered as Model 803 from Graymark Enterprises, Inc., P.O. Box 54343, Los Angeles, 
California 90054. Individual parts may be ordered by quoting the part number to Graymark. 


Fig. 15-42. Parts list for Model 803 power supply. 


SUMMARY 


. Power supplies are electronic circuits that provide 
various dc and ac voltages and currents for 
equipment. 

. The basic circuits in many power supplies include 
transformers, rectifiers, filters, and voltage 
regulators. Transformers and voltage regulators 
may not be found in all power supplies. 

. The purpose of a transformer in a power supply 
can be to (1) increase voltage and decrease current, 
(2) increase current and decrease voltage, (3) pro- 
vide isolation and (4) provide two equal voltages, 
one 180 degrees out of phase (with center tap). 

. A rectifier changes ac to pulsating dc. 

. Some basic line and transformer operated rectifier 
circuits are shown in Fig. 15-43. 


10. 
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A power supply filter uses capacitors, inductors, 
and/or resistors to change pulsating dc to pure dc. 


. Voltage regulation can be achieved with a zener 


diode or a complete voltage regulation circuit. 


. A bleeder resistor is a resistor placed in parallel 


(shunt) across the output of a power supply. It pro- 
vides a load; a discharge path for charged current 
to flow and a limited amount of regulation of 
voltage. 


. There are two basic types of voltage regulators: 


half-wave and full-wave. Both operate from the 
principle that capacitors, which always charge up 
to a peak value of a wave form, can be connected 
in Series with each other (full-wave) or with a line 
voltage (half-wave) to provide an added voltage. 
A floating ground is a common connection elec- 
trically separated from the chassis. 
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TEST YOUR KNOWLEDGE, Chapter 15 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 
1. A power supply: 
a. Provides various ac and dc voltages for equip- 
ment operation. 
b. Can change ac voltage to pulsating dc voltage. 
c. Can filter pulsating dc voltage to a pure dc 
voltage. 
d. All of the above. 
2. List, in order, the devices a current goes through 
in a power supply. 
3. A lack of electrical connection between secondary 
and primary windings is known as 
4. In order to rectify both half-cycles of the aon 


BRIDGE RECTIFIER, FULL-WAVE OUTPUT 


wave a wee is made on the 
secondary winding. 
5. What is the purpose of a filter network? 
E E AA 6. State the equation for finding percentage of ripple. 
OUT 7. Name two devices that can be used to improve 
IN filtering action. 
SINGLE DIODE, HALF-WAVE OUTPUT 8. Why is the output from a capacitor input filter 


higher than that of a choke input filter? 

9. The terminal voltage of a power supply is 30 volts. 
When a load is applied, voltage drops to 28 volts. 
What is the percentage of regulation? 

10. An electronic device that acts as a voltage regulator 
is a: 
a. Diode. 
b. Zener diode. 
c. Bleeder. 
d. None of the above. 
11. What is the purpose of a voltage regulator circuit? 


FOR DISCUSSION 


What is the purpose of a power supply? 

Do all power supplies need filters? Explain. 
How does a transformer provide isolation? 

. What is the purpose of a center tap on the second- 


A Whe 


BRIDGE RECTIFIER, FULL-WAVE OUTPUT 
B ary winding of a transformer? 

How does a zener diode provide voltage regulation? 

cuits. B— Transformer operated rectifier circuits. 6. Explain how a full-wave voltage doubler operates. 


nr 


Fig. 15-43. Rectifier designs. A—Line-operated rectifier cir- 
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ZIRCON 


Some tools, such as this electronic level, must work with analog circuits. 
A light emitting diode and an electronic sound indicate when the device 
is level. 


Amplifiers and linear integrated circuits are analog devices. Analog 
means that the output of a circuit changes smoothly and continuously 
from one value to another. This is in contrast to a digital circuit, which 
changes abruptly from O to 1 or from 1 to O. The output level of an 
analog circuit depends on the power supply voltage. If the supply voltage 
goes up, the circuit output goes up. For this reason, power supplies 
for amplifiers and linear integrated circuits must be well regulated. 
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After studying this chapter, you will be able to: 

€ List the components of amplifier circuits and give 
the function for each component. 

8 Explain amplifier operation. 

E Identify various transistor circuit configurations. 

€E Discuss the advantages and disadvantages of various 
methods of amplifier coupling. 

E Explain the uses of linear integrated circuits as 
amplifiers. 

E Construct several amplifier projects. 


An AMPLIFIER is an electronic circuit that uses a 
small input signal to control a larger output signal. In 
physics, weight can be amplified using levers. A small 
lever is used to lift a larger weight. In electronics, 
amplifiers have been used since the early twentieth cen- 
tury. Amplification is done using vacuum tubes or 
semiconductors, such as transistors or integrated 
circuits. 

The amount of amplification in a circuit is known 
as GAIN. This is the ratio between the output power 
(current or voltage) and the input power (current or 
voltage), Fig. 16-1. 


AMPLIFIER 


| 
Dor | 


INPUT OUTPUT 


Fig. 16-1. Block diagram of an amplifier. 
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Chapter 16 


AMPLIFIERS AND LINEAR 
INTEGRATED CIRCUITS 


16.1 AMPLIFIER CIRCUITS 


Amplifier circuits are CONTROL circuits. A small 
amount of current or voltage can control a larger 
amount of voltage or current. These circuits produce 
outputs that vary, or are LINEAR. ; 

Amplifier devices such as transistors or ICs can also 
be used to SWITCH current on or off. This depends 
on how these devices are biased in the circuit. Switching 
circuits will be discussed in Chapter 17. 


NPN AND PNP TRANSISTORS 


Recall that there are two types of bipolar transistors. 
They are NPN and PNP. These transistors have three 
parts: emitter, base, and collector. In the NPN tran- 
sistor, the emitter is an N type semiconductor material. 
The base is a P type materials. The collector is an N 
type material. To remember the direction in which the 
emitter arrow points for an NPN transistor, recite 
“never points in.” See Fig. 16-2. 


C COLLECTOR C NPN SYMBOL 


Ln Ef 
> S 


N TYPE \ 


NE 


C 


E 


A 


IN NPN 
TRANSISTOR 
THE EMITTER ARROW 
NEVER POINTS IN 


BLOCK DIAGRAM 


FOR NPN 
TRANSISTOR 


O 
INN 


ENLARGED VIEW OF 
NPN TRANSISTOR 
CONSTRUCTION 


Fig. 16-2. NPN transistor. B—Base. C—Collector. E— Emitter. 
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N TYPE BASE 


B 


PNP SYMBOL 


IN PNP TRANSISTOR 


BLOCK THE EMITTER ARROW 
ENLARGED VIEW DIAGRAM POINTS IN 
OF NPN TRANSISTOR FOR PNP 
CONSTRUCTION TRANSISTOR 


Fig. 16-3. PNP transistor. 


In a PNP transistor, the emitter is a P type semicon- 
ductor material. The base is an N type material. The 
collector is a P type material. The arrow on the emit- 
ter symbol points in toward the base, Fig. 16-3. 


BIASING 


For amplifiers to operate properly, they must be cor- 
rectly biased. BIASING is setting up the correct dc 
operating voltages between input leads of a transistor. 

In a transistor there are two junctions. One is be- 
tween the emitter and the base. It is called the EMIT- 


TER JUNCTION. The other is between the collector 
and the base. This is commonly referred to as the COL- 
LECTOR JUNCTION. Energy from the internal 
power source (battery or power supply) is needed to 
overcome these junction resistances for proper tran- 
sistor operation. 

In an NPN transistor, a BIAS voltage must exist be- 
tween emitter and base, Fig. 16-4. Voltage applied to 
these elements with the correct polarity will create cur- 
rent flow. This is known as FORWARD BIAS. 

REVERSE BIAS is needed in the collector junction 
of an NPN transistor, Fig. 16-5. 


ELECTRONS 
ARE GIVEN 
OFF, CREATING 
MORE HOLES 

IN BASE ~~, | 


EMITTER JUNCTION 


VOLTAGE FOR 
BIAS 


“|. —— ELECTRONS COMBINE 
WITH HOLES NEAR EMITTER 
JUNCTION 


FORWARD 


FORWARD ae 
BIAS CURRENT FLOWS 
EASILY (LOW 
RESISTANCE) 


Fig. 16-4. Forward bias for emitter junction in an NPN transistor. 


NO CURRENT FLOWS 
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BIAS 


— REVERSE 
BIAS 


ELECTRONS IN 
COLLECTOR ARE ATTRACTED 
BY POSITIVE POTENTIAL OF 

BATTERY 


COLLECTOR JUNCTION 


BATTERY 
ELECTRONS 
ATTRACT HOLES 

IN BASE É 


Fig. 16-5. Reverse bias for collector junction in an NPN transistor. 
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Both types of bias are needed for the operation of 
a transistor amplifier. Fig. 16-6 shows a complete NPN 
transistor circuit. Notice the forward bias in the emit- 
ter junction and reverse bias in the collector junction. 

The same type of bias is needed for operation of a 
PNP transistor amplifier, Fig. 16-7. The currents for 
each circuit are labeled. Ie is for emitter current, Ic 
for collector current, and Ig for base current. The 
emitter junction bias is provided by battery B,. The 
collector junction bias is provided by battery B2. 


SINGLE BATTERY CIRCUIT 


Two voltage sources have been used in all circuits 
discussed thus far. One source is used for the forward 
biasing of the emitter junction. The other is used for 
the reverse biasing of the collector junction. There is 
no need for two batteries. The amplifier in Fig. 16-8 
uses only one battery. 


ELECTRON le 
FLOW Ic Fr =) 
+ 
B, REVERSE By = 
BIAS E 
vd 
ELECTRON 
p FLOW 


B, 


=i 


Fig. 16-6. Forward and reverse bias in an NPN transistor 
amplifier circuit. 
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Fig. 16-7. Forward and reverse bias in a PNP transistor 
amplifier circuit. 


There is no question about the reverse bias of the 
collector junction. C is connected through Rc to the 
most negative point of the circuit. That is the negative 
supply terminal. The most positive point in the circuit 
is the ground. It is connected directly to the positive 
terminal of Vcc. 

Re and Rp form a resistance voltage divider con- 
nected directly across Vcc. The voltage at B is less 
negative than the negative terminal of Vcc by the 
amount of the voltage drop across Rr. It is negative 
in respect to E. E is at ground; the most positive point 
in the circuit. 

Using the proper values for Re and Rg, the desired 
forward bias voltage and current can be established in 
the emitter junction. The series of Rr and Rg must be 
large enough so that current drain from the supply bat- 
tery will be small. This assures long life. 


METHODS OF BIAS 


The FIXED BIAS method is shown in Fig. 16-9. 
Notice that Rg has been omitted. This circuit sets a 
constant base current. It can sense slight changes in 
the circuit. Proper selection of R sets up the required 
forward bias voltages and base current. * 


Fig. 16-8. This circuit uses a single power source. 


ce 


¿E 


a de 6 


Fig. 16-9. Fixed bias method for connecting a transistor. 
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The SINGLE BATTERY BIAS scheme is a common 
method for biasing transistors, Fig. 16-10. 

EMITTER BIASING is a third method for setting 
forward bias of the emitter junction, Fig. 16-11. In this 
case, the forward bias Vee will set a constant emitter 
current, Ie. This will produce a voltage drop across 
Re. Re is chosen to provide the proper forward bias. 
Rg is the return to complete the emitter circuit. A 
signal applied to the amplifier will produce an ac com- 
ponent in the collector current. This does not upset the 
emitter bias because a low reactance path around Re 
is provided by bypass capacitor C. This circuit ensures 
a stable operating point for the transistor. A disadvan- 
tage, however, is the need for two power supplies or 
batteries. 

A SELF BIAS schematic is shown in Fig. 16-12. This 
circuit differs from the fixed bias method in that bias 
resistor Re is connected to the collector rather than 
Vcc. This method provides a more stable operating 
point than fixed biasing. Only one power source is 
needed. 

If a fixed collector current is assumed at some 
operating point, the voltage Vc will be constant. But 
it will be lower in value than Vcc, due to the drop 
across Rc. Any change in Ic will then change the value 
of Vc. Since the base is connected to Vc through Re, 
a certain amount of degeneration will result. 

What is meant by degeneration? A positive signal 
at the input of the PNP amplifier makes the base more 
positive, decreases its forward bias, and decreases Ic. 

_ A reduction in Ic means a lesser voltage drop across TWO POWER 
Rc. Collector voltage Vc becomes more negative as it SOURCES REQUIRED 
reaches the value of negative Vcc. This more negative 
voltage to the base through Rr tends to increase for- 
ward bias. It opposes the increase caused by the input Fig. 16-11. Schematic circuit for emitter biasing. 
signal. 

A signal from the output of a device fed back to the 
input in a phase relationship that opposes the input is 
called DEGENERATION. The major disadvantage of 
self bias is the loss of amplifier gain due to 
degeneration. 


Fig. 16-10. Schematic of a single battery bias. 


+ VEE 


REVIEW QUESTIONS FOR SECTION 16.1 


. What is an amplifier? 

. Amplifiers can perform two functions. Name 
them. 

. The process of setting up the correct de oper- 


ating voltages between input leads of a transistor 
is called 

. In a transistor there are two junctions. Name 
them. 

. Define degeneration. 


Fig. 16-12. Schematic of self bias circuit. 
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16.2 AMPLIFIER OPERATION 


As was already stated, an amplifier is an electronic 
device that uses a small input signal (voltage or cur- 
rent) to control a larger output signal. This works best 
when the output load, or impedance, of the circuit is 
greater than the input load, Fig. 16-13. The input is 
a microphone in the emitter and base control circuit. 
The output is a loudspeaker connected to the collec- 
tor and emitter circuit. The load of the loudspeaker 
is much greater than that of the microphone. The out- 
put current in the circuit is about the same as the in- 
put current. From what you learned about Ohm's Law, 
if the current is about the same and the resistance (load 


He — —> 
MICROPHONE A 
INPUT (LOAD) 


(WHISTLE) -if 


0.05 V 


Fig. 16-13. 


AL 


PEAK-TO-PEAK 


INPUT 
(CONTROL) 
CIRCUIT 


or impedance) is 50 times greater in the output than 
in the input, the output voltage change will be 50 times 
as great as the input signal. This is how the signal is 
amplified. f 

Refer to Fig. 16-14. It shows an NPN amplifier cir- 
cuit with actual component values and specific voltages. 
The emitter is common to both the input and output 
circuits. The ac input signal is impressed across the 
emitter and base of the transistor Qı. The output signal 
is taken across the collector and emitter of Qı. A 
capacitor, C4, is placed in the input signal. This will 
couple (or pass) the ac input signal to the base for con- 
trol. A ground is added at a common connection in 
the emitter, Bı, and Bz circuit. 


A SMALL INPUT 
SIGNAL WILL CONTROL 
ARGE OUTPUT SIGNA 


L 
OUTPUT 


SPEAKER 
(LOAD) 


CURRENT 


2.5V 
PEAK-TO-PEAK 


SPEAKER IS 
+ MORE OF LOAD 
B2 ==THAN MICROPHONE 


OUTPUT 


CIRCUIT " AMPLIFIED 


(WHISTLE) 


EMITTER IS COMMON 
TO BOTH INPUT 
AND OUTPUT 
CIRCUITRY 


GROUND 


Input circuit controlling output circuit (signal) in an NPN amplifier. 
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VOLTAGE 6.5V PEAK- 
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R; 


VOLTAGE OUTPUT 
DROP 2.5V TO- 
ACROSS PEAK 
2 Q, | 
= ee 


Fig. 16-14. Common emitter NPN amplifier circuit. 
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A .05 volts peak-to-peak ac input signal is applied 
across the emitter to base at points A and B. As the 
signal swings positive, the base-to-emitter forward bias 
voltage (signal plus bias) will increase (get larger). As 
a result of this increase, the base current will also in- 
crease. This will result in a smaller resistance across the 
emitter-to-collector of Q1. This will cause the current 
in the circuit made of the battery B2, R,, and emit- 
ter/collector Q, to increase. This increase in current 
flow through a fixed value resistor R,, will cause a 
greater voltage drop across the resistor. (See Wave #1). 
The increase in voltage drop across R, will cause a 
decrease in voltage across Q. This is because they are 
both in series with the 9 volt battery, B2. (See Wave 
#2). Keep in mind what happens to the voltage in a 
series circuit. The total voltage, Eg2, is equal to the 
sum of the voltage drops in that series circuit. This in- 
cludes the transistor, Q,, and the resistor, R4. 

During the negative half of the input signal, the bias 
voltage on the base is decreased or lowered. As a result, 
the resistance of the emitter-to-collector will increase 
causing current to be reduced. If the current flowing 
in the emitter-to-collector circuit is decreased, it will 
also decrease in R4, since it is in series with the collec- 
tor of Q,. If the current through a fixed value resistor, 
Rj, is decreased, the voltage drop across it will also 
decrease. (See negative half of Wave #1). This decrease 
in voltage across R, will cause an increase in voltage 
drop across the emitter-to-collector of Q,, as the sine 
wave swings positive in Wave #2. In any instant, both 
Wave #1 and Wave #2 must add up to 9 volts, Fig. 
16-15. Note that Wave #1 and Wave #2 are 180 degrees 
out of phase. 

A .05 volt signal in the input circuit (emitter-to-base 
in Q,) has controlled a 2.5 volt signal in the output 
(emitter-to-collector in Q,). This is amplification. 


COMPUTING GAIN 


There are a number of formulas that can be used 
to compute types of amplification in transistor 
amplifier circuits. When the formulas show a triangle 
or delta (A) symbol, this means “the change in” a cer- 
tain value or waveform. 

VOLTAGE GAIN. The voltage gain (Ay) is figured 
by dividing the change in the output voltage by the 
change in the input voltage. 


Ay = A Beng = Eoutp-p 
A Ein Einp-p 


CURRENT GAIN. The current gain (Ay) is figured 
by dividing the change in the output current by the 
change in the input current. 
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Q, EMITTER- 
TO-COLLECTOR) 


Fig. 16-15. Relationship of output signal and ac signal across 
Rs. 


Al sat A Tout 


A lin 
POWER GAIN. The power gain (Ap) is figured like 
Watt’s Law. The voltage gain (Av) is multiplied by the 
current gain (Ap). 
Ap = Av X A 


Gain is a ratio and, therefore, a dimensionless 
number. Gain simply tells how much a signal has been 
amplified. The value is a number, like 100, meaning 
the voltage gain is 100 times larger in the output than 
in the input. (Gain is sometimes given in units of 
decibels, but these are dimensionless. They give relative 
power levels.) 


REVIEW QUESTIONS FOR SECTION 16.2 


1. If the change in the output voltage is 200 mV 
and the change in the input ac signal is 10 mV, 
what is the voltage gain? 

. Output ac current change is 7504A and ac 


input current change is 1504A. Find the 
current gain. 

. Compute the power gain when the output 
voltage gain is 1.75 V and the current gain is 
500 mA. 
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16.3 TRANSISTOR CIRCUIT CONFIGURATIONS 


The transistor can be connected in three circuit con- 
figurations. Which configuration is used depends on 
which element is common to both input and output 
circuits. Usually the common element is at ground 
potential. 


IN OUT 


COMMON BASE 


Fig. 16-16. The common base (CB) or grounded base circuit. 


IN OUT 


COMMON EMITTER 


Fig. 16-17. The common emitter (CE) circuit. 


COMMON COLLECTOR 


Fig. 16-18. The common collector (CC) circuit. 


TYPE OF INPUT 
CIR IMPEDANCE 
COMMON BASE (CB) LOW 
50-150 Q 
COMMON EMITTER (CE) MEDIUM 


COMMON COLLECTOR (CC) HIGH 
20 K-500 kQ 


OUTPUT 
IMPEDAN 


HIGH HIGH LESS THAN MEDIUM 
300 K-500 k] 500-1500 ONE 20-30 db 
MEDIUM MEDIUM MEDIUM HIGH 
500 9-1.5 kQ} 30 K-50 kQ 300-1000 25-50 25-40 db 
LOW LESS THAN 
50 0-1 kQ ONE 


In Fig. 16-16, a COMMON BASE (CB) amplifier 
circuit is shown. The ac input signal between emitter 
and base will vary the forward bias. This is done by 
alternately adding to and subtracting from the fixed 
bias. The increase and decrease in current in the emitter- 
collector circuit produces the amplified voltage across 
Ri. The input signal and the output signal are in 
phase. There is no signal inversion. 

In Fig. 16-17, a COMMON EMITTER (CE) circuit 
is drawn. This is the most common transistor circuit. 
Notice that this circuit resembles the conventional 
vacuum tube amplifier. In the common emitter circuit, 
a positive input signal would make the base more 
positive or less negative with respect to the emitter. This 
would reduce the forward bias of the circuit. A negative 
input signal would make the base more negative and 
increase the forward bias. As a result, the voltage across 
Ri in the output circuit is 180 degrees out of phase. 
The signal has been inverted in the same manner that 
signals are inverted in a vacuum tube circuit. 

In the common emitter circuit the gain is the ratio 
between the change in collector current and the change 
in base current. The current gain is represented by the 
Greek letter 8 (beta). 


E Ve Constant _ 


In this equation, £ (beta) equals current gain in com- 
mon emitter circuit, A Ic equals the change in collec- 
tor current, and A Ip equals the change in base cur- 
rent. Ve (collector voltage) is held constant. 

Note: In transistor circuits, voltage is represented by 
a capital V instead of E as used elsewhere. 

Fig. 16-18 shows a COMMON COLLECTOR cir- 
cuit. The signal is applied between the base and col- 
lector. The output is taken from the collector-emitter 
circuit. It will have a very high input impedance and 
a low output impedance. It is useful as an impedance 
matching circuit. The input and output signals are in 
phase. The voltage gain in this circuit must always be 
less than one. 

Fig. 16-19 shows common input and output 
impedance values for common base (CB), common 


A AA 


MEDIUM MEDIUM 


25-50 10-20 db 


Fig. 16-19. Common input and output impedance values of CB, CE, and CC circuits. 
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emitter (CE), and common collector (CC) amplifier cir- 
cuits. Fig. 16-20 shows the phase relationships between 
input signals and output signals in CB, CE, and CC 
amplifiers. 


CLASSES OF AMPLIFIERS 


Amplifiers are classified according to their bias cur- 
rent. This determines the output waveform compared 
to the input waveform. 

CLASS A. The class A amplifier is biased so that 
an output signal is produced for 360 degrees of the 
input signal cycle. See Fig. 16-21. Current Ic flows at 
all times. The output of a class A amplifier is an 
amplified copy of the input signal. Its efficiency is low. 
This class is widely used in high fidelity sound systems. 

CLASS B. A class B amplifier is biased so that an 
output signal is reproduced during 180 degrees of input 
signal. The class B amplifier is biased close to cutoff, 
Fig. 16-22. Since collector current flows only one-half 


? 
j 


f 


COMMON COLLECTOR 


? 
? 


TYPE OF INPUT OUTPUT 
AMPLIFIER WAVEFORM WAVEFORM STATUS 
COMMON BASE IN PHASE 
(CB) 
(CE) 


IN PHASE 
(CC) 


of the time, this amplifier has medium efficiency. It 
is similar to a half-wave rectifier. Its output is distorted. 

Two amplifiers operated in the push-pull configura- 
tion can restore both halves of the signal in the out- 
put. The push-pull circuit has increased efficiency and 
greater power output. It will be used in many audio 
amplifiers as the final output stage. 

CLASS C. A class C amplifier is biased so that less 
than 180 degrees of output signal is produced during 
360 degrees of input signal. This class finds limited use 
in transistor circuits. 


THERMAL CONSIDERATIONS 


Transistors are easy to overheat. There are a few 
methods that prevent thermal damage to a transistor. 

One way to reduce overheating is to use special cir- 
cuits. As operating temperature increases, there is 
greater thermal activity in the crystalline structure. And 
there is a decrease in resistance. 


Fig. 16-20. Phase relationships of waveforms in CB, CE, and 
CC transistor amplifiers. 


CLASS A a 


OUTPUT 


A = 


Fig. 16-21. Class A amplifier. It has a 360 degree signal out- 
put for a 360 degree input signal. 
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Fig. 16-22. Class B amplifier. It has a 180 degree signal out- 
put for a 360 degree input signal. 


254 


Amplifiers and Linear Integrated Circuits 


Repeated resistance decrease and current increase 
may cause destruction of the transistor. This is called 
THERMAL RUNAWAY. In Fig. 16-23, the common 
emitter amplifier has a stabilizing resistor R3. An in- 
crease in current makes the emitter end of R3 more 
negative in respect to ground. The forward bias of the 
emitter-base circuit decreases. This acts as a limiter to 
current increase resulting from thermal runaway. C3 
is a bypass capacitor. It prevents degeneration and loss 
of gain. 

Another way to prevent thermal overheating is by 
using HEAT SINKS. Heat sinks are large pieces of 
metal, usually with fins, that absorb and disperse heat 
generated in a transistor. See Fig. 16-24. 


TRANSISTOR PRECAUTIONS 


1. Do not remove or replace transistors in circuits when 
the power is on. Surge currents may destroy the 
transistor. 


Fig. 16-23. Common emitter stage with stabilizing resistor 
and bypass capacitor. 


Fig. 16-24. Heat sink designs. 


2. Bevery careful with close connections such as those 
found in miniature transistor circuits. A brief short 
circuit can burn out a transistor. 

3. When measuring resistances in a transistor circuit, 
remember that your ohmmeter contains a battery. 
If it is improperly applied, it will burn out a tran- 
sistor. It is also important to observe the correct 
polarity when measuring ohms for accurate 
readings. 

4. Soldering the leads of transistors is a skill which you 
must develop. Heat will destroy the transistor. 
When soldering a transistor lead, grasp the lead bet- 
ween the transistor and the connection to be 
soldered with a pair of long nose pliers. These pliers 
will act as a heat sink and absorb the heat from 
soldering. Use a pencil type soldering iron of no 
more than 25 watts. 


REVIEW QUESTIONS FOR SECTION 16.3 


. Name three types of transistor connections. 

. This class of amplifier has an output signal that 
is an amplified copy of the input signal. 

. Class A. 
. Class B. 
. Class C. 
. None of the above. 

. This class of amplifier has an output wave 180 
degrees out of phase with the input signal. 
a. Class A. 

b. Class B. 
c. Class C. 
d. None of the above. 

. The total effect of uncontrolled decreasing 
resistance and increasing current flow is called 


. What is a heat sink? 


16.4 COUPLING AMPLIFIERS 


Transistor stages can be connected in series to pro- 
duce the desired amplification. This is called 
CASCADING. The key challenge of cascading is 
matching the high impedance output of one transistor 
to the low input impedance of the next transistor 
without severe loss in gain. 

Transistor stages may be connected using one of the 
three primary methods: 

1. Transformer coupling. 
2. RC coupling. 

3. Direct coupling. 

4. Push-pull coupling. 
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Fig. 16-25. Transformer coupled amplifier circuit. 


TRANSFORMER COUPLING 


The circuit in Fig. 16-25 shows two stages of tran- 
sistor amplifier stages coupled with a transformer. 
Transistor Q, has an output impedance of 20 kQ and 
Q has in input impedance of 1 kQ. A severe mismatch 
and loss of gain will result. 

The transformer can match these impedances. A 
step-down transformer is required. A low secondary 
voltage means a higher secondary current. This is fine 
for transistors because they are current operated. Many 
special sub-ouncer and sub-sub-ouncer transformers 
have been developed for this purpose, Fig. 16-26. 

The purpose of C in the transformer coupling cir- 
cuit of Fig. 16-25 is to block the dc bias voltage of the 
transistor from ground. Notice that if C is left out, the 
transistor base will be grounded directly through the 
transformer secondary. 

The major drawback of transformer coupling, besides 
cost, is poor frequency response of transformers. They 
tend to saturate at high audio frequencies. At radio 
frequencies, inductance and winding capacitance will 
present problems. 

A type of transformer coupling that avoids this prob- 
lem uses a tapped transformer. These taps can be at 
medium, low, and high impedance points. Good 
impedance matching can be attained, as well as good 
coupling and gain. Study the circuit in Fig. 16-27. For 
radio frequency amplifier circuits, both the transformer 
primary and secondary windings can be tuned by C for 
frequency choice. 

There is one other key point about the transformer. 
The primary impedance of the transformer acts as a 
collector load for the transistor. This impedance only 
appears under signal conditions. The load is XL of 
primary. From the dc point of view, the only load is 
the ohmic resistance of the wire used to wind the 
transformer primary. This information will be helpful 
when designing a power amplifier. 
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TRIAD 


sub-sub-ouncer 
transformers are used in transistor circuitry. 


Fig. 16-26. These sub-ouncer and 


RC COUPLING 


A simple and less costly method of coupling tran- 
sistor amplifer stages is to use resistor-capacitor (RC) 
coupling. See Fig. 16-28. 

In Fig. 16-28A, capacitor C will charge V to 10 volts. 
Only during the charging of C will a current cause a 
voltage to appear cross R. After C is charged, Vc will 
equal 10 volts and Vr will equal ¢. 
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Ta 


Fig. 16- 27. The taps on the transformer primary and secondary windings provide 
an ideal matching point. The transformer can be designed for good overall gain. 


If source voltage is changed to 12 volts, C will 
increase its charge to 12 volts also, Fig. 16-28B. The 
charging current will produce a brief two volt voltage 
pulse across R in the polarity shown. 

If source voltage is changed to 8 volts, C will 
discharge to 8 volts, Fig. 16-28C. The discharge cur- 
rent will produce a brief voltage pulse across R in the 
polarity shown. $ 

In Fig. 16-28D, both dc and ac voltage are connected 
to the RC circuit. The ac signal causes the total voltage 
to vary between 8 and 12 volts. Therefore, C will charge 
and discharge at the ac generator frequency. 

The voltage across R will rise and fall at the same 
frequency as the generator voltage. Look at Fig. 16-29. 
The input signal varies around a dc level of 10 volts. But, 
the output signal varies around the zero level. The 
dc component has been removed. A capacitor blocks 
dc. In this instance, it is called a BLOCKING 


CAPACITOR. 
+12V + ey 
eon o 
+8V -2V 
Vs + Vc Vs ONLY 
INPUT OUTPUT ACROSS R 


Fig. 16-29. The capacitor blocks the de voltage, but permits 
Fig. 16-28. Coupling transistor amplifier using RC coupling. the ac signal to pass. 
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From a mathematical viewpoint, C and R in series 
form an ac voltage divider, Fig. 16-30. Voltage divi- 
sion depends on the reactance of Xc at the frequency 
of the signal. Voltage output across R is a key con- 
sideration when the greatest amount of ac voltage must 
appear across R. With a 1000 Hz frequency and a C 
value of .01 pF: 


x E e eee 
CE 27fC = 6.28 x10? x 1 x 108 


= .16 x 10% = 16,000 Q 


Poe 


R SIGNAL 
OUTPUT 


Fig. 16-30. Rand C form a voltage divider for the ac signal. 


INPUT 


If the value of R is ten or more times greater than Xc, 
then most of the voltage will appear across R. Assum- 
ing R equals 160 kQ, then: 


R 


os 
= =. AMARO ee x V 
| AA 
= 3 
e aa Y = 91 x10 ode 


It seems that almost all of the voltage does appear 
across R. Less than a volt has been lost as signal out- 
put. If R were made larger, then even more of the total 
output would be developed across R. But look at the 
two stage amplifier using transistors in Fig. 16-31. 

Consider the signal voltage at the collector of Qı. 
It has a choice of paths to go and will take the easiest 
path. It can go through Rc or through the coupling 
network which is in parallel. If the network impedance 
is higher than Rc, signal currents will go through Rc 
instead of to the next stage. Therefore, the coupling 
capacitors used in transistor circuits must have values 
in the area of 8 to 10 pF. 


SW, 
CO 
ME 
+ O+ 
R; R, 
10 K 1K y Es 6V de 
O 
B a 10 1 F 
E 
Rg A 
Re Rg +C, OUTPUT 
1K 100 0 7504 F 


PARTS LIST 


Voltmeter 0-25V dc. 
Ammeter 0-10 mA dc. 
Ammeter 0-0.1 mA dc. 

Qs. 0, — 2N649 Transistor. 
R,,R_,R_—10K0(, 1/29, 


UY = E ; 
Ro Ra: Ro: R3 —1KQ,1/2W. 


Ra» Rg — 100 Ohms, 1/2W. 

Rio — 100 Ohms, 1W. 

Cy, Co — 10 AF Electrotytic Capacitor. 
C3, C4 — 50 HF Electrolytic Capacitor. 
Ce — 10 KF Electrolytic Capacitor. 
SW, — SPST Switch. 


Fig. 16-31. Schematic and parts list for RC coupling. 


258 


Amplifiers and Linear Integrated Circuits 


To prove the point, assume Q input impedance is 
500 Q. Xc would need to be 50 2 or less. At 1000 Hz 
frequency: 


1 1 


~ 6.28 x 102 x 5 x10 


At lower amplified frequencies, Xc would be 


higher. A capacitor of 8 to 10 uF would be required 
to prevent loss of amplifier gain. 

Note also in Fig. 16-31 that RF and Re are in 
parallel with the emitter-base circuit. These resistor 
values must be high enough so that the signal will not 
be bypassed around the emitter junction. 


AMPLIFIER SECTION 
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Fig. 16-33. Schematic of a one channel (mono) solid-state 
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The values of Rg and Rf were based on the required 
bias and stability of the circuit. Current drain from the 
source was also considered. 

Transistor circuit design can become quite complex. 
It is often a matter of give and take. Compare the out- 
put and input impedances of the transistors in the CE 
configuration. The input can be in the 500 to 1.5 kQ 
range. The output impedance in the 30 kQ to 50 kQ 
range. This is a severe mismatch. With the RC coupl- 
ing, the power gain loss caused in the mismatch must 
be accepted. When cost is a factor, it may be cheaper 
to add another transistor stage. This will offset the loss 
due to mismatch. And it is less costly than purchasing 
a transformer for interstage matching. 


DIRECT COUPLING 


In many circuits, very low frequency signals must 
be amplified or, perhaps, the dc value of a signal must 
be retained. Amplifier circuits using RC or transformer 
coupling will block out the dc component. Direct coupl- 
ing solves this problem, Fig. 16-32. 

In this circuit, the collector of Q, is joined directly 
to the base of Q2. The collector load resistor Rc also 
acts as a bias resistor for Q2. Any change of bias cur- 
rent is amplified by the directly coupled circuit. 
Therefore, it is very sensitive to temperature changes. 
This can be overcome with stabilizing circuits. Another 
drawback is that each stage needs a different bias 
voltage for proper operation. See Figs. 16-33 and 16-34, 
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MEADPHONE 


NOTES, 


1, ALL RESISTORS ARE 1/2 WATT UNLESS MARKED OTHERWISE. RES/STOR 
VALUES ARE IN OHMS {k © 1,000]. 


1/15 AMP 


SLOW- BLOW 2. ALL CAPACITOR VALUES ARE INUF UNLESS MARKED OTHERWISE, 


240¥VAC 

50/80 HZ 

3, CD THIS SYMBOL INDICATES A POSITIVE DC VOLTAGE MEASUREMENT, 
TAKEN WITH AN 1] MEGOHM INPUT VOLTMETER, FROM THE POINT INDICATED 
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240 VOLT 


ew WIRING 


4, — INDICATES CLOCKWISE ROTATION OF CONTROL, 


ON OFF 5 © THIS SYMBOL INDICATES HOLE LOCATIONS ON THE CIRCUIT BOARD. 


> 
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amplifier. 
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SONY ELECTRONICS CORP. 


Fig. 16-34. One hundred disc player with stereo amplifier. 


SPKR 


Fig. 16-35. Push-pull amplifier circuit. 


PUSH-PULL COUPLING 


Two transistors joined in parallel in a push-pull 
power amplifier circuit will achieve peak power out- 
put and efficiency from a power amplifier, Fig. 16-35. 

This basic circuit works at zero bias when no signal 
is applied. No voltage is applied across the EB junc- 
tion, so the current Ig is zero. When point A of the 
input transformer become negative (result of a signal), 
then B of Q, is more negative than E. This is a forward 
bias and Q, conducts. At the same time, the base 
of Q2 is being driven positive. This increases the reverse 
bias on Q2. Q2 does not conduct. 

On the second half of the input signal, the reverse 
is true. Q, is driven into conduction when a negative 
signal is applied to its base. Q, is cut off as a reverse 
bias is applied by a positive signal to its base. So, first 
Q, conducts, then Q2 conducts. 

On one half-cycle, current Ic flows in Qı. On the 
second half-cycle, current Ic flows in Q2. These tran- 
sistors are operating Class B. One-half of the time each 
transistor is resting and cooling. There is no question 
that this circuit has increased efficiency. In fact, the 
maximum possible efficiency approaches 78.5 percent. 

The two half signals, or waves of current, from the 
transistors are restored to their original input form by 
transformer action in the output transformer. 

In Fig. 16-36, when Q, conducts, current flows as 
shown by arrows. It creates a magnetic field of one 
polarity. This denotes a half-wave form in the secon- 
dary of the transformer. When Q- conducts, the 


Fig. 16-36. Each half of the signal is joined in the output transformer to restore the original wave. 
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polarity of the primary reverses. It induces the wave 
of opposite polarity in the secondary. Thus, the com- 
plete wave is restored. 


REVIEW QUESTIONS FOR SECTION 16.4 


. Connecting amplifier stages in series is called 


. A can be used to couple amplifier 
stages together, as well as match input and 
output impedances. 

. Name two disadvantages of transformer 
coupling. 


. Refer to Fig. 16-33. Q, is connected to Q2 by 


the coupling method. 

. If the collector of one amplifier is hooked to 
the base of the next amplifier, with no other 
components in between, the coupling method 
is called ; 

. Connecting two amplifier stages in parallel is 
referred to as _coupling. 


16.5 LINEAR INTEGRATED CIRCUITS 


Linear integrated circuits have variable outputs con- 
trolled by variable inputs. They are like conventional 
transistor amplifiers except that the amplifier device 
is housed in an integrated circuit. The primary purpose 
of a linear IC is to increase or amplify currents, 
voltages, or wattages. 

Linear integrated circuits are called ANALOG 
DEVICES or CIRCUITS. In this case, linear can mean 
CONTROLLING or REGULATING since the input 
signal controls the output signal in a linear IC. The 
output signal changes are smooth and constant, like 
the input signal. See Fig. 16-37. 


OUTPUT 


INPUT 


Fig. 16-37. Input versus output in linear ICs. 
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Digital ICs are used as switches. Their output is 
always one of two conditions: on or off. These in- 
tegrated circuits will be discussed in Chapter 17. 

The symbol for an amplifier in a circuit is a triangle. 
This is also used as the IC symbol, Fig. 16-38. 


VOLTAGE REGULATORS AND REFERENCES 


Voltage regulators are circuits providing exact de 
voltages in the output of power supplies. LINEAR IC 
VOLTAGE REGULATORS are often made on a 
silicon chip. They come in a number of packages, such 
as TO-3, TO-5, TO-202, TO-220, and others. Fig. 16-39 
shows a common schematic and application for a 
LM-309 (National Semiconductor) voltage regulator. 
Many linear IC voltage regulators are immune to 
blowout. 


AMPLIFIER 


cvorlA— 


Fig. 16-38. The triangle is used as the symbol far an amplifier 
in a circuit and an IC. 


Qo INPUT 


INPUT 
OUTPUT 
D4 
§3V 
GROUND 
VOLTAGE 
TO-3 PACKAGE REGULATOR 
OUTPUT GND x 
Ne uN 
2 K 
e 
INPUT ~oy Ale 
i UNREGULATED REGULATED 
BOTTOM VIEW INPUT FROM S OUTPUT (5 V) 
POWER SUPPLY 
FILTER 


NATIONAL SEMICONDUCTOR 
Fig. 16-39. Schematic diagram and application of voltage 
regulator in a circuit. 
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Voltage references are precision, temperature 
stabilized IC circuits. They are made up of zener 
diodes, transistors, resistors, and capacitors. They pro- 
vide exact output regulated voltages. They perform bet- 
ter than common zener diodes. 


OPERATIONAL AMPLIFIERS 


Operational amplifiers or OP AMPS are one type 
of linear integrated circuits. They have very high 
voltage amplification. They are used as basic amplifier 
circuits in cable TV system video line amplifiers 
(drivers), two-way intercoms, instrumentation 
amplifiers, function generators, and servo motor 
amplifiers. Fig. 16-40 shows an op amp in an in- 
strumentation amplifier. 


‘Tow LEAKAGE 
= POLYSTYRENE 


LEÑA 


NATIONAL SEMICONDUCTOR 
Fig. 16-40. Sensitive, low cost, multirange voltmeter that 
uses an op amp. 


rr ma Wiring P 
Electronic in Steerinc , 


Fig. 16-41. 


AUTOMOTIVE AND INDUSTRIAL 


Current automobiles are full of integrated circuits. 
Examples include fluid detectors in radiators, tach- 
ometers, amplifiers or drivers, spark timing controls, 
factory testing systems, warning light drivers, 
microprocessors, computerized suspension systems, and 
anti-skid devices, Fig. 16-41. 

Industrial uses of linear ICs include timing circuits, 
sensing amplifiers, temperature controllers, flashers, 
ground fault interrupter circuits, temperature 
transducers, and fluid detectors. See Fig. 16-42. These 
are just a few examples. 


RADIO AND TV 


Linear ICs have made portable miniature tape 
players with AM-FM radios possible, Fig. 16-43. In 
radio circuits, linear ICs provide integrated rf/if 
amplifier stages in one package, FM demodulators, 
stages stereo audio amplifiers, FM detector/limiter 
stages, and other circuits. 

In TV circuits, linear ICs can be used for complete 
sound systems, automatic fine tuning circuits, IF 
amplifier systems, etc. 

Other uses of linear ICs include voltage comparators, 
analog switches, sample and hold circuits, and A to 
D, Dto A circuits. Many manufacturers and suppliers 
have data books containing application information. 


pe, Drivers 
Trip. Computers _ | 
Voice Synthesis 


MM ee 


GOULD-A/M/| SEMICONDUCTORS 


Linear IC use in automobiles. 
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+6 V 


NSL 5082(W) NSL 5027 


2.4k 


LM3909 


- 47 
100 pF 
NOTE: NOMINAL FLASH RATE: 1.1 Hz. a 
AVERAGE Iban = 0.32 mA. NOTE: B a 0=20 hia: NOTE: FLASH RATE: 1.5 Hz. 


12—169 NSL 5027 
SPEAKER 


LM3909 


TEST 
PROBES 
LM3209 
300 aF 
IV 
LM3909 ais 
i NOTE: NOMINAL FLASH RATE: 1 Hz 
ney AVERAGE logan = 0.77 mA. 


NOTE: DIFFERENCES BETWEEN SHORTS, COILS, 
AND A FEW OHMS OR RESISTANCE CAN BE HEARD. 


750 


NOTE: NOMINAL FLASH RATE: 1.5 Hz. 
AVERAGE logan = 1-5 MA. 


NATIONAL SEMICONDUCTOR 
Fig. 16-42. Schematics of flashers using the LM 3909 linear IC. A—Minimum power, 
1.5 V. B—Variable flasher. C—Incandescent bulb flasher. D—High efficiency parallel cir- 
cuit. E.—Buzz box continuity and coil checker. F--3 V flasher. G—Pin identification. 


REVIEW QUESTIONS FOR SECTION 16.5 


. The primary purpose of a linear IC is to 
currents, voltages, and wattages. 
ICs are used as switches. 


. What are voltage regulators? 

; are precision, temperature 
stabilized IC circuits. 

. Draw the op amp symbol. 


16.6 LINEAR IC CONSTRUCTION PROJECTS 


PORTABLE STEREO AMPLIFIER * 


EN Portable cassette stereos were designed for “take 
Fig. 16-43. Linear ICs made the technology for portable along” music. But with a few connections, these stereos 
stereos possible. can be used to give full stereo sound. 
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This project will outline the steps for making a por- 
table stereo amplifier. And to further increase 
usefulness, two preamplifiers are included. These will 
pick up low level input signals such as microphones, 
guitars, and turntables. With a few small changes to 
the basic circuit, a PA amplifier can be made. The 
schematic for the portable stereo amplifier is shown 
in Fig. 16-44. The parts list is shown in Fig. 16-45. 


The Output Stage 

The LM 380 is a small audio amplifier. Internal gain 
is fixed at around 34dB (50 times), Fig. 16-44. A unique 
input stage allows signals to be referenced to ground. 
The output is centered somewhere near half the supply 
voltage. The output is also short circuit proof with 


and Electronics 


internal thermal limiting. 

With the supply voltage restraints given and a 
minimum 8 ohm load, a heat sink on the design shown 
is not required. A small amount of heat sinking under 
the board is provided by using the copper tracks as ther- 
mal fins. This is not normally enough sinking for the 
chip to be stretched to its peak capability. In this design, 
however, and with limited parameters, it should satisfy 
thermal conditions. With a maximum supply of 15 volts 
and an 8 ohm load, the output is around 1.5 watts per 
channel. The input stage is usable with signals from 
50 mV to 500 mV RMS. 


a The portable stereo amplifier, portable stereo speakers, and megaphone amplifier projects used with permis- 
sion from Dick Smith's "Fun Way into Electronics, Volume 3,” by Dick Smith (B2610). The parts are available 
from Dick Smith Electronics, Inc., P,O. Box 8021, Redwood City CA 94063, (415) 368-8844. Kit of all com- 
ponents, including PC board, but excluding speakers and power supply (K-2667). A separate 12 Vv. 500 mA 
power supply (M-9555) is also available. 


R1 2.2K 
c1* ic1 ee Es 
CHANNEL 1 2 p 
REUT 0.1 uF | R347K 741| R9 im LM380| 470 pF + PEO 
PREAMP 1 TE lo i 
as | as 47 k |p c3 22a MoI c 
DD le TE 127470 pF is 
+ 8+ 
R7 47K 3 2 7 
ip E O RV1 ae a OUTPUT, SPEAKER OR 
Ó pa 50 K O 
PREAMP 1° POWER 1 aoe Li HEADPHONES 
Cig OUTPUT @ AMPTOGNDT Rit yl $279 O 
ee INPUT P 47K] 412.2 uF Eee 
+ =o 
Cas 102 1C4 C10 
CHANNEL 2 S 
INPUT “Fl Ra a7 K 741] RIO IM ee le 
eame ae ee [an ak 
9 R6 4 ae 10 
GND 7K on We a70 nF 
© RV2 4 de OUTPUT, SPEAKER OR 
O 50 K 16 
T NT "r a y HEADPHONES 
2.2 K Output ? AMP 2ọGND R12 i 297 8 OHM MIN. 
INPUT Ò 47K ae of í LOAD 
*TAG TANGALUM TYPE = 
DICK SMITH ELECTRONICS 
Fig. 16-44. Portable stereo amplifier circuit diagram. 
Parts Description Total Quantity Parts Description Total Quantity 
Resistors: Semiconductors: 
2.7 ohm Ris, Ria 2 741 Op-Amps 
2.2K Ri, Ra 2 IC,, IC. 2 
47K Ra, Ra, Rs, Re. R7, Re LM 380 Audio Amp. 
Ris, Rie 8 IC3, IC, 2 
1 meg Ra, Rio 2 Miscellaneous: 
50 K Log Potentiometers PC Board ZA-1467 1 
l VR,, VR2 2 Hookup Wire 500 mm 1 
Capacitors: l Optional Components: 
0.1 pF Ceramic (Not included in basic kit.) 
Cia, Cr2 2 8 ohm speaker systems 2 
0.1 pF Tag Tantalum Power Supply, 12 V, not less 
Cs, C: 2 than 200 mA 
2.2 pF RB Vertical Electrolytics eg. M-9530 1 
(Ca, Ga, Cs, Ca, Cay e 6 33 ohm % Watt resistors 2 
100 pF RB Vertical Electrolytic 47 K % Watt resistors 2 
Cis 1 3.5 mm Mini Stereo Plug 
470 pF RB Vertical Electrolytics P-1140 1 
Co, Cro, Cra, Cra 4 Hookup Wire—assorted colors 1 


Fig. 16-45. Parts list for 


mw DICK SMITH ELECTRONICS 
the portable stereo amplifier. 
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The Input Pre-Amplifier Stage 

Two noncomitted 741 operational amplifiers have 
been configured as input amplifiers. Their input stages 
have been referenced to a common point, that is half 
the supply voltage, Fig. 16-45. This is put in effect us- 
ing two 2.2 k resistors, R, and Ra to split the supply. 
Cis is the bypass capacitor at this point. The gain of 
each of these amplifiers has been fixed at 21 by the 
input resistors R and Ra and the feedback resistors, 
Ry and Rio. 

Input capacitors, C, and C2 isolate any DC compo- 
nent from the signal. The output point has been moved 
to a connection pad on the board. This will allow for 
peak use. In most cases, this would be used to drive 
the final stages via capacitors, Ca and C, and volume 
controls, Ry, and Rv,. If required, three stages could 
each be used alone (maybe as experimental bench 
amplifiers). In one use shown later, they are configured 
slightly different to use the board as a PA amplifier. 

With a power supply of 12 volts, the resting current 
drawn by the total system is 30 to 35 mA. Under driven 
conditions, the drain could increase to 300 mA or more. 


Assembly 

1. Check the components against the parts list, shown 
in Fig. 16-45. 

2. Insert all the resistors, cut pigtails, and solder, as 
shown in Fig. 16-46. 
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CHANNEL 2 


INPUT 
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3. Next insert the ICs and solder. This may be an 
approach you have not used. But because of the size 
of the capacitors that flank these ICs, it is easier 
to load in this sequence. 

4. Now, insert, trim, and solder the capacitors. Note 
carefully the polarity of electrolytics. 

5. The only connections left are the volume controls, 
Ry, and Ry,, the input wiring, and the power 
wires. The input wiring will be inserted based on 
how you use the system. If the amplifiers will pro- 
vide “big sound” for your portable stereo, only the 
output stages will be used. Where a low level signal, 
like a microphone input, is to be used, the 
preamplifiers would have to be included. 

6. When all connections are checked a final inspec- 
tion of the soldered joints under the printed circuit 
boards should be made. Then power can be applied. 
For a power supply, you will need at least 9 volts 
at 200 mA. 


PORTABLE STEREO SPEAKERS 


Using the portable stereo amplifier as an output 
stage, you can get sound out of typical stereo speakers. 

Follow the diagram in Fig. 16-47. Any type of 8 ohm 
speakers will work. The power supply is not crucial but 
should be within the 9 to 15 volt limits. A’value of 12 
volts is ideal. 
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DICK SMITH ELECTRONICS 


Fig. 16-46. Portable stereo amplifier board component overlay diagram. 
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0 
3.5 mm 
STEREO PLUG 
CONNECTED TO 
HEADPHONE 
SOCKET 


*When headphones are not connected to the 
radio/player, these 33 ohm % or Y W resistors 
are connected as a dummy load. (see text) 


The input to the amplifier is connected to the out- 
put section only. The front end 741 preamps are not 
used in this case. The headphone connector to these 
portable type stereo units is commonly a 3.5 mm plug 
(for example, the Dick Smith P-1140). Solder one of 
these plugs to the three wires as shown; one for each 
channel, with a common ground. This is the body or 
the long stem of the plug. 

The 33 ohm resistor joined across each channel to 
ground is a dummy load for the radio player when 
headphones are not connected. If the stereo has two 
headphone outlets, leave one set of headphones con- 
nected. Then the two resistors are not needed. In some 
stereo types, the headphone plug is the on-off switch. 


MEGAPHONE AMPLIFIER 


The output of the preamp is connected to the input 
of the output stage as shown in Fig. 16-48. In this con- 
figuration, the system could be used as an experimen- 
tal amplifier where low level signals are present. It 
makes a handy bench or workshop amplifier. No 
special frequency response tailoring has been includ- 
ed around the 741 stages. But it could be used as a 
microphone amplifier using dynamic or electret types. 


CHANNEL 1 
VOLUME 
CONTROL 


CHANNEL 2 
VOLUME 
CONTROL 


266 


12 VOLT 1 A POWER 
SUPPLY (SEE TEXT) 


DICK SMITH ELECTRONICS 
Fig. 16-47. Wiring diagram of a typical system using the amplifier as an output stage to a portable stereo. 


These stages are usable with input signals from 3.5 mV 
to 100 mV RMS. 

By using the twin output stages in a “bridge” mode, 
the output power can be almost doubled. 

As Fig. 16-49 shows, the speaker is connected across 
the active output points of each amplifier. The com- 
mon in this case is not connected. 

Preamplifier 1 is used as an input stage with a gain 
of 21. It is useful with signals from 3.5 mV to 100 mF. 
The second preamp has a different function in this case. 
The gain has been reduced to unity by changing the 
feedback resistor Rio to 47 K. Now this stage becomes 
an inverter of the signal to the second output stage. 
This fills the requirements of the bridge output that 
the input to the output stages are 180 degrees out of 
phase. This provides twice the voltage swing across the 
8 ohms load for a given supply. This increases the out- 
put power over a single stage by four. However, the 
package power dissipation will be the first parameter 
limiting power delivered into the load. In this case, the 
power supply is limited to a maximum of 12 volts. The 
final result is an output power capability of around 
double that of a single amplifier. The configuration 
shown is suitable for input signal levels from 3.5 mV 
to 100 mV RMS. Both the volume controls Ry, and 
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Fig. 16-48. Circuit diagram of megaphone amplifier. 


Ry, have to be turned up and down by the same 
amount to control the output. 

For convenience, Ry, and Ry, can be replaced by 
a dual gang pot. 

Where high gain is not required, the circuit has to 
be changed. As with the modified stage of preamp 2, 
the feedback resistor Rə of preamp 1 has to be changed 


to a value of 47 K so that it only has unity gain. In this 
way, higher input signals from 50 mV to 500 mV can 
be handled. This makes the system ideal as a “big 
sound” amplifier for a portable stereo. The connec- 
tions can be made to the speaker or earphone sockets 


as described for the portable stereo amplifier. 
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Fig. 16-49. 


DICK SMITH ELECTRONICS 


Wiring of a small megaphone amplifier. 
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TRANSISTORIZED 
TELEPHONE AMPLIFIER 


How many times have you wished that everyone in 
the room might hear the voice of friends or family over 
a long distance telephone call? The amplifier circuit 
shown in Fig. 16-50 can be attached to your telephone. 
A flick of the switch activates the transistorized 
amplifier. You may then have a family telephone visit. 

The telephone pickup Ta, Fig. 16-50, is connected 
to two transformer coupled, common emitter stages. 
These drive a push-pull power amplifier. Potentiometer 
R, is a gain control to adjust the volume of the 
amplifier. In the layout of the parts, keep transformers 
T, and T: as far from the input as possible. This will 


PARTS LIST, TELEPHONE AMPLIFIER 
B, — 9 V battery 
C,, Ca — 2 uF, electrolytic, 15 V 
C2, Ca — 8 uF, electrolytic, 15 V 
Cs — 0.01 aF ceramic disc or mica, 100 V 
LS, — 3-6 ohm loudspeaker 
Qı, Oz, O3, Q, — Sylvania 2N 1265 Transistor (or RCA SK3003) 
R, — 470 kQ, 1/2 watt 
Rə — 150 kQ, 1/2 watt 
S, — SPST switch 


Fig. 16-50. Wiring diagram and 


Fig. 16-51. 


A G 


prevent possible feedback. Keep leads short. Ca, Ca, 
and Cs are bypasses that prevent oscillation. If the cir- 
cuit should oscillate, reverse the connections to the 
secondary of Tı. 

The parts can be mounted on a small sheet of printed 
circuit board. The amplifier may be placed in a case 
of your own design. 


PAGING AMPLIFIER 


A small audio amplifier connected to a microphone 
is called a paging or announcing amplifier. It will boost 
a voice so that it may be heard for some distance. The 
circuit, Fig. 16-51, has enough power to drive the small 
speaker. A gain control is provided by Rs. 


270 kQ, 1/2 watt 

4.7 kQ, 1/2 watt 

68 Q, 1/2 watt 

120, 1/2 watt 

100 kQ, 1/2 watt potentiometer 

Stancor TA-27 or equivalent 

Stancor TA-35 or equivalent 

Stancor TA-21 or equivalent 

Telephone pickup coil, Radio Shack 44-533, 
Shield M-133, or equivalent. 


SYLVANIA ELECTRIC CORP. 


parts list for telephone amplifier. 


7) 


SYLVANIA ELECTRIC CORP. 


Wiring diagram for a paging amplifier. 
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In the paging amplifier, three grounded emitter 
stages are connected in cascade. The last stage is a push- 
pull power amplifier. In the layout of parts, it is wise 
to keep Rx some distance from transformer T> to pre- 
vent feedback. 

These parts can be mounted on a printed circuit, Fig. 
16-52. Construct a new circuit in breadboard style. Test 
it before final assembly and soldering. Then try design- 
ing a case for it. 


SUMMARY 


1. Amplifiers are electronic circuits which control out- 
put signals with input signals. 

2. Transistors, integrated circuits, and vacuum tubes 
are all amplifier devices. 

3. Bias is the voltage difference between the two in- 
put elements of an amplifier device. 

4. In the normal operation of a transistor amplifier, 
the input elements are usually forward biased 
while the output elements are reverse biased. 

5. Formulas to compute gain are shown in Fig. 16-53. 


B, — 9 V battery 


6. 


10. 


11. 


Cı, C2 — 10 pF electrolytic, 15 V 


Three transistor circuit configurations are the com- 
mon base amplifier (CB), common emitter ampli- 
fier (CE) and common collector amplifier (CC). 
Amplifiers may be classified according to their bias 
current. Some common classes are A, B, and C. 


. Transistors and other semiconductors are sensitive 


to heat. Heat sinks can be used to absorb and 
disperse unwanted heat. The heat sink protects the 
transistor from the heat. 

Some important methods of coupling amplifier 
stages are: 

a. Transformer coupling. 

b. RC coupling. 

c. Direct coupling. 

d. Push-pull coupling. 

Linear ICs are used in amplifier circuits needing 
constant or variable output voltage or current 
values. 

Some applications of linear ICs are voltage 
regulators, voltage references, operational 
amplifiers (op amps), voltage comparators, and 
analog switches. 


LS, — any 4, 8, or 16 ohm loudspeaker 
Q, — Sylvania 2N1265 transistor (or RCA SK 3003) 


Qz, Os, Q, — Sylvania 2N1266 transistor (or RCA SK3005) 


R, — 68 kQ, 1/2 watt 


R4 — 120 kQ, 1/2 watt 


Ro, Re, Re — 560 21/2 watt 


— 5 kQ, 1/2 watt potentiometer 


— 6.8 kQ, 1/2 watt 


— 100 Q, 1/2 watt 
— 10 kQ, 1/2 watt 


— Stancor TA-5 or equivalent 
— Stancor TA-10 or equivalent 


Fig. 16-52. Parts list for paging amplifier. 


Voltage Gain 


Current Gain 


Power Gain Ap = Av X Al 


Fig. 16-53. Formulas for computing gain in transistor 
amplifiers. 
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TEST YOUR KNOWLEDGE, Chapter 16 


Please do not write in the text. Place your answers on 
a separate sheet of paper. 


IL. 


An amplifier: 

a. Is a control circuit. 

b. Uses a small input signal to control a larger out- 
put signal. 

c. Produces outputs that are linear. 

d. All of the above. 


. What is gain? 
. The emitter junction is located between: 


a. Collector and emitter. 
b. Emitter and base. 

c. Collector and base. 
d. None of the above. 


. The collector junction is located between: 


a. Collector and emitter. 
b. Emitter and base. 

c. Collector and base. 
d. None of the above. 


.Mman________ transistor, a bias voltage must 


exist between emitter and base. 


. Name three methods of bias. 
. Give the formula for computing voltage gain. 
. Give the formula for computing current gain. 


13, 
14. 
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. Give the formula for computing power gain. 
. Draw the common base amplifier circuit. 
. How is the gain in the common emitter circuit 


computed? 


. The input and output wave forms of a common 


collector amplifier are: 

a. In phase. 

b. 180 degrees out of phase. 

c. All of the above. 

d. None of the above. 

Draw a diagram of a directly coupled amplifier. 
Draw a graph showing the input signal versus the 
output signal of a linear IC. 


FOR DISCUSSION 


. What are some of the characteristics of a good stereo 


sound system? 


. Discuss the relative merits of RC coupling versus 


transformer coupling. 


. Discuss the several kinds of distortion possible in 


an amplifier. 


. Why should transistors be temperature controlled 


by heat sinks and ventilation? 


. Discuss precautions in the use of and servicing of 


transistor circuits. 


Amplifiers and Linear Integrated Circuits 
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PITRACAL MARK H SWISS MADE 


FRED V. FOWLER CO., INC. 


Linear integrated circuits have led to creations such as this electronic 
caliper. This caliper can be connected directly to any computer or printer. 


+ 15V 


OUTPUT 
OFFSET 


TRIM Reias 


+VINO 


O VouT 


COMPEN- 
SATION 


INPUT OFFSET 
TRIM 


+ 15V 


-15V 
DATEL SYSTEMS, INC. 


An instrumentation amplifier helps scientists get data from experiments. 
Inputs can be of the differential type or of the single level type. The 
sensitivity is adjustable. It is controlled by the ratio of Rg and Rg. 
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TEKTRONIC 
Computers and testing equipment are based on digital circuit design. 


Digital circuits perform the logic operations of computers. Their input and output levels are either 1 or O. The only numbers 
used in the binary number system are 1 and O. Circuits are easy to design, build, and troubleshoot. The supply voltage 
can vary by plus or minus 3 percent without causing trouble. Boolean logic helps describe and predict the operation of digital 
circuits. Boolean logic is a condensed form of mathematics similar to algebra. People interested in the field of digital elec- 

tronics are encouraged to study Boolean logic. 
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After studying this chapter, you will be able to: 

E Convert decimal numbers to their binary equivalents 
and binary numbers to their decimal equivalents. 

WE Name seven types of logic gates. 

M Explain the operation of various types of logic gates. 

E Use truth tables to determine the output of a logic 
gate. 

m Discuss four types of logic families. 

E Construct and operate the project, Binary Bingo. 


To review, an IC is a complete electronic circuit con- 
tained in one package. Usually this package includes 
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transistors, diodes, resistors, and capacitors, along with 
the connecting wiring and terminals. 

A major advantage of the IC is its size. It is possi- 
ble to wire each component found in an IC. However, 
this device would require much more space. IC size 
makes possible high capacity computers that can fit 
in a briefcase. 

ICs are also very stable compared to individual com- 
ponents. And they are less costly to build and operate. 

Fig. 17-1 shows an enlarged IC. Note the thousands 
of components that make up the IC. This IC is used 
in computers. 


MOTOROLA 


Fig. 17-1. Enlarged 32-bit integrated circuit. 
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There are two types of integrated circuits: LINEAR 
and DIGITAL. Linear ICs were discussed in Chapter 
16. They are used as amplifiers and have variable out- 
puts. Digital ICs are used as switches. They work in 
either the on or off state. 

Digital electronics have many uses in our lives. They 
create the time display on a wristwatch and the display 
on a portable CD player, Fig. 17-2. Fig. 17-3 shows 
a small camcorder. These popular devices record and 
display both visual and audio information. 


SONY ELECTRONICS CORP. 


Fig. 17-2. Digital electronics make this portable CD player and 
its liquid crystal display possible. 


SONY ELECTRONICS CORP. 
Fig. 17-3. Camcorders record information in a digital format. 


17.1 DIGITAL FUNDAMENTALS 


Digital integrated circuits handle digital information 
using switching circuits. They work as a result of gating 
circuits and flip-flop circuits being combined. Let us 
look at gates and how they operate using binary logic. 


BINARY NUMBERING SYSTEM 


Electronic circuits can be made to act in only two 
states: ON and OFF. This two state system is called 
BINARY. It can be compared to a single-pole, single- 
throw (SPST) switch, Fig. 17-4. A switch that is off 
represents a 0 in the binary numbering system. 
Likewise, when a switch is on, this represents a 1. There 
are only two conditions to the circuit: on or off. 

It is not practical to build large electronic logic cir- 
cuits using manual switches. Manual switches do 
however, provide a good basis for understanding other 
switchable electronic components. 

The most common electronic component that can 
be used as a Switch is a transistor. It can allow current 
to flow through it. This would be an on or 1 state. Or 
it can stop current flow. This would be the off or 0 
state. See Fig. 17-5. 

In Chapter 16, Class B amplifiers were discussed. 
These amplifiers are biased at the midpoint of the curve 
made by the emitter voltage and collector current. 
Without any input signal (A to B ) the amplifiers are 
turned off. If the input signal changes to a negative 
level (B to C), the emitter-to-base bias will be decreased. 
This will cause the output signal across the lamp to 
Swing positive (input signal is 180 degrees out of phase 
with output signal in a CE circuit). 

Simple circuits made up of diodes, transistors, and 
resistors can perform the basic logic functions, Fig. 
17-6. Since the development of the IC, thousands of 
circuits can be designed and built into a single chip. 

With only one SPST switch, you can count to a max- 
imum of 1. Suppose you wanted to count higher. How 
do you count to a number such as 45 or 79? 

There is a basic rule for counting in any system. 


CONDITION O 


__ OO? 
S, ON 


CONDITION 1 


Fig. 17-4. A single-pole, single-throw switch as a binary 


device. 
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Digits must be recorded one after each other for each 
count, until the count exceeds the total number of in- 
puts available. Then a second column is started and 
counting continues. The binary system works as shown 


in Fig. 17-7. 
| CURRENT a 


CLASS B 
AMPLIFIER y 


INPUT SIGNAL OUTPUT 
BASE CAN Bz 
ACT AS A 

SWITCH + 
AND TURN A 
TRANSISTOR 
ON 


NO CURRENT FLOWS 


BASE CAN 
ACT AS A 
SWITCH TO 
TURN TRANSISTOR 

OFF 


A B 
a [iy 
NO OUTPUT 
INPUT CLASS B SIGNAL 
SIGNAL AMPLIFIER 


Fig. 17-5. Diagram of transistor acting as a switch. A—On. 
B—Off. 


COMPONENT 
SPST 
SWITCH 


MAGNETIC 
CORE 


DIGITAL 
PULSE 
RELAY 


Fig. 17-6. Binary states of components. 


The digit 0 in the decimal system is 0 in the binary 
system. Likewise the digit 1 in the decimal system is 
1 in the binary system. However, the number 3 in the 
decimal system is the number 11 in the binary system. 
The binary number for 6 is 110, Fig. 17-8. 

Fig. 17-9 shows the decimal to binary conversion for 
the numbers 0 through 26. 


era ee 
16s 
oc a 


4TH NUMBER a0 


3RD NUMBER 33 


1ST NUMBER du 


5TH NUMBER a 


8TH NUMBER 


m 
2 
= 
2 
I 
E 
O 


Fig. 17-7. The binary numbering system. 


Fig. 17-8. Binary number for decimal number 6. 


- a 


DECIMAL BINARY NUMBER 


HUNDREDS 


O 
1 
(0) 
1 
Q 
1 
0 
1 
(0) 
(0) 
1 
(0) 
1 
0 
1 
(0) 
1 
(0) 


0 
1 
2 
3 
4 
5 
6 
7 
8 
1 0 
1 1 
1 2 
1 3 
1 5 
1 6 
1 7 
1 8 


Fig. 17-9. Decimal to binary conversion table. 
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Try this activity. It may help you understand the 
binary numbering concept. Using five small pieces of 
tape, number the tape as shown in Fig. 17-10. Place 
one piece of tape on each finger of your left hand with 
palm up (in order shown). Fingers pointing up will 
represent ls. Fingers folded down will represent Os. 
Position your hand as shown in Fig. 17-11. What is 
the binary number? What is its decimal equivalent? 

A larger decimal number, 79, is shown in binary 
form in Fig. 17-12. 

Binary addition is a simple process, Fig. 17-13. 
Adding 0 and 0, the sum is still 0. Adding 1 and 0, 
the sum is 1. But adding 1 and 1, the sum is 10. The 
0 is placed in the 1s column. The 1 is carried to the 
2s column. To add two larger binary numbers, the same 
steps are followed. Fig. 17-14 shows the addition of 
57 (00111001) and 24 (00011000). 


Fig. 17-10. Learning the binary system. 


16+8+0+2+0= 26 


BINARY #11010 = DECIMAL # 26 


Fig. 17-11. Converting 26 to 11011. 


ONE IN 1s COLUMN = 1 
ONE IN 2s COLUMN = 2 
ONE IN 4s COLUMN = 4 
ONE IN 8s COLUMN = 8 
ZERO IN 16s COLUMN = O 
ZERO IN 32s COLUMN = O 
ONE IN 64s COLUMN = 64 
TOTAL= 79 
Fig. 17-12. Binary number for decimal number 79. 
(ZERO + ZERO = ZERO) 
(ZERO + ONE = ONE) 
OR 
(ONE + ZERO = ONE) 
THERE IS NO VALUE FOR 2 
IN THE BINARY SYSTEM, 
1 + 1 RESULTS INA O 
WITH THE 1 BEING MOVED TO 
THE 2s COLUMN. 
CARRIED 
TO 
2s 
COLUMN 
Fig. 17-13. Binary addition fundamentals. 
BINARY DECIMAL 


1+ TOTAL*8. 1 


Fig. 17-14. Binary addition of 57 and 24. 


VOLTAGE LOGIC LEVELS IN DIGITAL CIRCUITS 


We know that digital circuits have only two states 
of 0 and 1. What operating voltages are needed in a 
circuit for these two values? That will depend on what 
type of logic circuitry or “family” is used. Whatever 
logic family is used, in positive logic, the high value 
of 1 is called the VALID LOGIC HIGH range. It most 
often varies from 2 to 3.5 volts to 5 volts. The low, 
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Fig. 17-15. Logic levels for digital circuits. 


or 0, value varies from 0 volts to .8 to 1.5 volts. It is 
shown as the 0 to V, range in Fig. 17-15. This is called 
the VALID LOGIC LOW. 

The area in between these two values acts as a buf- 
fer range. Any voltage in this range applied to the 
digital circuit causes confusion in the IC. The IC will 
not know whether to produce a 0 or a 1. This area is 
called the INVALID VALUE OR INTERMEDIATE 
RANGE. In Fig. 17-15 it is shown between V, and Va. 


BITS, NIBBLES, AND BYTES 


In binary code, the smallest unit of information is 
the BIT. The bit comes from joining the two words, 
BInary digiT. A bit can be either 0 or 1. It is only one 
column or digit in a binary numbering system, Fig. 
17-16. Four bits of information make up a NIBBLE. 
Two nibbles or eight bits make up a BYTE. A byte 
is a single unit of memory in a computer. For exam- 
ple, a computer with a 256 byte storage can hold 2048 
bits of information. This is a small number, however. 
Most computer memory is given using the terms K 
(KILOBYTES) or Meg (MEGABYTES). These 
represent roughly 1000 and 1,000,000 bytes 
respectively. 

Computer storage abilities continue to grow. Many 
computers can now hold billions of bytes, or 
GIGABYTES, of storage. 


O11 


1. 


2. 
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REVIEW QUESTIONS FOR SECTION 17.1 


Pl 


BYTE 


Fig. 17-16. Bits versus nibbles versus bytes. 


Describe how a transistor biased as a Class B 
amplifier can act as a switch. 
What is the binary number for 114? 


. What is the decimal number for 101101? 
. What is the sum of 01001010 and 01011001? 
What is the decimal number of the sum? 
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17.2 LOGIC GATES 


Electronic switching circuits that decide whether 
inputs will pass to output or be stopped are called 
LOGIC GATES. The logic gates that we will discuss 
are the building blocks for other logic gates. The basic 
logic gates are: 

. AND GATES. 

. OR GATES. 

. NOT GATES. 

. NAND GATES. 
. NOR GATES. 

. XOR GATES. 

. XNOR GATES. 


NM PWN 


AND GATES 


The AND gate accepts YES and NO inputs. Based 
on these inputs, the gate decides on the output. It also 
will be YES or NO. The AND gate symbol is shown 
in Fig. 17-17. 

The AND gate will produce an output of 1 (YES) 
if ALL inputs are 1 (YES). Logic 1 or YES also equals 
ON. A simple circuit with switches that functions like 
an AND gate is shown in Fig. 17-18. Both switches are 
OFF (0 or NO). The lamp does not burn. When both 
switches are on, the lamp will burn, Fig. 17-19. An 
actual AND gate used in a computer is very complex. 
This circuit using SPST switches was only illustrating 
AND gate operation. 

A binary table that explains the operation of the 
AND gate is shown in Fig. 17-20. This is called a 


AND GATE 


INPUT C OUTPUT 


Fig. 17-17. AND gate symbol. 


OFF OR O 


S2 
S, AND S ARE OFF 
LAMP WILL NOT BURN 


OFF OR O 


B, 


Fig. 17-18. This simple switching circuit simulates the opera- 
tion of an AND gate. The lamp will not burn because both 
switches are off. 


TRUTH TABLE. The AND gate is used to detect the 
presence of YES signals or 1s on both inputs, A and 
B. If this occurs, the output signal will be 1. However, 
if even one input signal is 0, output will be 0. 

The output signal as affected by input signals in the 
AND gate is shown in Fig. 17-21. 


OR GATES 


The OR gate provides an output signal of 1 (YES) 
when either one or the other of its inputs is 1. And if 
all of the inputs are 0 in an OR gate, the output is a 
0 (NO). The OR circuit detects the presence of any 
input. Its symbol for an OR gate is shown in Fig. 17-22. 

The truth table for an OR gate is shown in Fig. 17-23. 
The schematic for a simulated OR gate is shown in Fig. 
17-24. The output signal as affected by input signals 
in the OR gate is shown in Fig. 17-25. 


NOT GATES 


The NOT gate is often called an INVERTER because 
that is what it does in a circuit. The NOT gate is put 
into a circuit to invert the polarity of the input signal. 
If the input signal is 1, the output signal will be 0. 
Likewise, if the input signal is 0, the output will be 1. 

The symbol for the NOT gate is shown in Fig. 17-26. 
Note that the NOT gate symbol has only one input lead. 
There is also a small circle at the end of the triangle 
in the symbol. 


S2 


Sı AND S2 ARE ON 
LAMP WILL BURN 


Si 


Fig. 17-19. This is the same circuit as in Fig. 17-18. However, 
the lamp will burn because both switches are on. 


SIGNAL AT 
INPUTS 


Fig. 17-20. AND gate truth table. Note that only one com- 
bination in this table will produce a 1 or YES output. 
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INPUTS + <«— 1 VALUE «— VALID LOGIC HIGH 
O VALUE 

AB INPUTA 0 uv VALID LOGIC LOW 
+ 
INPUTB O 
+ 
OUTPUTC O 

o THE OUTPUT IS HIGH ONLY WHEN BOTH INPUTS (A & B) ARE HIGH 
0 1 2 3 4 5 
TIME 


Fig. 17-21. Resulting valid logic highs and lows in an AND gate. 


-DS 


Fig. 17-22. OR gate symbol. 


SIGNAL AT SIGNAL AT 
INPUTS OUTPUT 
€ 


0 0 
1 1 
(0) 1 
1 1 


Fig. 17-24. Schematic of a simulated OR gate. The lamp will 


Fig. 17-23. OR gate truth table. not burn in this instance. 
4 +1 
INPUTS 
o 
A B INPUTA 0 
+ 
INPUTB 0 
+ 
C OUTPUT C O 
OUTPUT THE OUTPUT IS LOW ONLY WHEN BOTH INPUTS (A AND B) ARE LOW 
O 1 2 B 4 5 
TIME 


Fig. 17-25. Valid logic highs and lows for OR gate. 
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NOT GATE NAND GATE 


All logic gates are combinations of the basic gates: 
ee emi AND, OR, and NOT. The NAND is a NEGATIVE 
AND gate. It is made up of an AND gate and a NOT 
gate that inverts the output. It is also called a NOT 
Fig. 17-26. NOT gate symbol. AND gate. 
The NAND gate symbol is like the AND gate sym- 
bol with a circle at the end, Fig. 17-30. The schematic 
The schematic for a simulated NOT gate circuit is for a simulated NAND gate circuit is shown in Fig. 
shown in Fig. 17-27. The NOT gate truth table is shown 17-31. The NAND truth table is shown in Fig. 17-32. 
in Fig. 17-28. And Fig. 17-29 shows the output signal 
in a NOT gate as affected by the input signals. 


NAND GATE 


INPUT OUTPUT 


B 


Fig. 17-30. NAND gate symbol. 


Fig. 17-27. Schematic of simulated NOT gate. The input is 
O, so the output is 1. 


0 1 


Fig. 17-31. Schematic of a simulated NAND gate. The inputs 


Fig. 17-28. NOT gate truth table. are O and O, so the output is 1. 
INPUT + 
A 
INPUTA 0 
+ 
E OUTPUT C O 
OUTPUT 


OUTPUT (C) IS LOW WHEN INPUT (A) IS HIGH. 
OUTPUT (C) IS HIGH WHEN INPUT (A) IS LOW. 


TIME 


Fig. 17-29. Valid logic highs and lows for NOT gate. 
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It is the reverse of the AND truth table. Fig. 17-33 
shows the waveforms in a NAND gate citcuit. 


NOR GATE 


The NOR gate gives the opposite (or negative) results 
of the OR gate. It is made up of an OR gate and a NOT 
gate (inverter). The symbol for a NOR gate is shown 
in Fig. 17-34. Fig. 17-35 shows the schematic for a 
simulated NOR circuit. 

The NOR circuit is used to test for any kind of input. 
If there is no input, output will be 1. Likewise, if there Fig. 17-35. Schematic of simulated NOR gate. The inputs are 
is an input, output will be 0. This is shown in the truth Drang Qoeoihe opu 


table in Fig. 17-36. The waveforms of a NOR gate cir- 
cuit are shown in Fig. 17-37. 
SIGNAL AT | SIGNAL A 
INPUTS 
ES 


SIGNAL AT | SIGNAL A 
INPUTS OUTPUT 


1 
0 
0 
0 


Fig. 17-36. NOR gate truth table. 


Fig. 17-32. NAND gate truth table. 


INPUTS 2 
AB 
INPUT A O 
+ 
7 INPUT B O 
+ 
A B 
INPUT A 0 
A OUTPUT C O 
OUTPUT 
INPUTB 0 
t 0 1 4 5 


3 
TIME 


C OUTPUT C 
Fig. 17-37. Valid logic highs and lows for NOR gate. 


OUTPUT 
OUTPUT IS LOW ONLY WHEN BOTH INPUTS, 
A AND B, ARE HIGH. 
3 4 
x ! Tai > XOR GATE 

Fig. 17-33. Valid logic highs and lows for NAND gate. There is a special type of gate that provides output 
whenever ANY, but NOT ALL, inputs are logic high. 
It is called the EXCLUSIVE OR gate or the XOR gate. 
NOR GATE Recall that in contrast, the OR gate provides output 

A whenever ANY or ALL inputs are logic high. 
c The symbol for the XOR gate is shown in Fig. 17-38. 
INPUT The circuit that simulates the XOR gate is shown in 
a OUTPUT Fig. 17-39. The XOR gate truth table is shown in Fig. 
17-40. The waveforms of a XOR gate circuit are shown 

Fig. 17-34. NOR gate symbol. eE IES 
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A XNOR GATE 
INPUTS C OUTPUT 

B A gate similar to the XOR gate is the EXCLUSIVE 

NOT (XNOR) gate. It is the XOR gate with the output 

Fig. 17-38. XOR gate symbol. inverted. There is output only if all inputs are logic high 


or logic low. The symbol for the XNOR gate is shown 
in Fig. 17-42. The truth table is shown in Fig. 17-43. 
1 TWO SPDT SWITCHES Notice that if there is only a one in column A or column 
B, there is a zero in column C. If column A and column 
B both have a zero or a one, then column C has a one. 


Lane OUTPUT 


INPUTS E 


Fig. 17-39. Schematic of simulated XOR gate. Note that it Fig. 17-42. XNOR gate symbol. 
has 2 SPDT switches. One input is 1 and the other is O. The 
output will be 1. 


SIGNALS AT SIGNAL AT 
INPUT OUTPUT 


E 


(0) 
1 
1 
0 


Fig. 17-40. XOR gate truth table. Fig. 17-43. XNOR gate truth table. 


INPUTS 
A B 
INPUTA © 
+ 
INPUTB ọ 
+ 
© 
OUTPUT OUTPUT C ọ 


OUTPUT IS HIGH ONLY WHEN EITHER INPUT A OR B, 
(BUT NOT BOTH) IS HIGH 


TIME 
Fig. 17-41. Valid logic highs and lows for XOR gate. 
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REVIEW QUESTIONS FOR SECTION 17.2 


. Draw the symbols for three logic gates. Label 
the drawings. 
2. Inan AND gate, input A is 1 and input B is 0. 
What is output C? 
3. The OR gate will provide an output signal 
except: 
a. When both inputs are 1. 
b. When both inputs are 0. 
c. When either one of the inputs is 1. 
d. None of the above. 
4. The_______ gateis often called the inverter. 
5. What gate provides an output when any but not 
all of the inputs are 1? 
. List the truth table for the XNOR gate. 


17.3 LOGIC FAMILIES 


Manufacturing techniques have a major impact on 
the arrangement of digital circuits into groups or 
families. It is crucial that the traits of one logic family 
match the traits of another family when a number of 
digital ICs are used in one device. In the time that has 
passed in the digital electronics field, certain logic 
families have evolved. 


RESISTOR-TRANSISTOR LOGIC 


A logic family that is no longer used is the resistor- 
transistor logic (RTL) family. It used a mixture of 
resistors and transistors in the gate circuits to perform 
logic functions. RTL circuits needed somewhat low 
voltage for proper operation (3.6 to 4.0 volts). 


DIODE-TRANSISTOR LOGIC 


The diode-transistor logic (DTL) family combined 
diodes, transistors, and resistors to produce logic gates. 


(7432 IC) 


(74.08 IC) (7400 IC) 


This family of circuits was one of the first to be made 
in digital ICs. They are not used any longer. They have 
been replaced by more up-to-date logic families. 


CMOS LOGIC 


The complementary metal-oxide semiconductor logic 
(CMOS) family uses field effect transistors. CMOS 
integrated circuits have good resistance to noise. They 
require only small amounts of power. Voltage and 
current needs are not crucial. CMOS ICs do have one 
major problem. They can be damaged by static elec- 
tricity. To avoid this problem, the worker and work 
surface should be grounded through a high resistance 
resistor (3-10 megohms at 5 watts or more). 

CMOS ICs contain a manufacturer’s identification 
number. One company uses a CD prefix. Another firm 
uses a C within the number, such as 74C30. High speed 
CMOS devices contain an H in the identification 
number, such as 74HC00 or 74HC190. 


TRANSISTOR-TRANSISTOR LOGIC 


The transistor-transistor logic (TTL) family is used 
widely in today’s digital electronics. They work quickly. 
They perform logic functions from about 20 megahertz 
to 60 megahertz. TTL ICs work faster than CMOS ICs. 

TTL ICs can be identified by their number. Their 
numbers start out with 74: 7400, 7402, 7404, 7408, 
7432, and 7486. Logic high (1) for TTLs is 2 volts to 
5 volts. Logic low is 0 volts to .8 volts. TTL requires 
high power dissipation and high current. 

High power TTL ICs contain the part number 74H. 
They consume about twice the power of a regular TTL 
IC. Low power TTL ICs contain the part number 74L. 
One-tenth the power of a regular TTL IC is consumed. 

A number of gates can be placed in one TTL IC. 
Fig. 17-44 shows some TTL ICs that contain AND 
gates, NOT gates (inverters), NAND gates, NOR gates, 
and XOR gates. 


enn E 


INVERTER A 
er i 
© (7404 10) > ES ¿DS 


(7486 IC) 


Fig. 17-44. Logic gates in transistor-transistor logic ICs. Note the basing diagram for the ICs. 
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OTHER DIGITAL CIRCUITS 


Digital circuits are used for many reasons. For ex- 
ample, digital circuits convert ac sine waves to digital 
pulses, Fig. 17-45. The ac signal is sampled. Various 
points are given digital values. These are converted to 
a binary value later. 

Fig. 17-46 shows a digital disk that has binary in- 
formation recorded on the surface. A laser “reads” 
the information on the recording. The ICs in Fig. 17-46 
are also used in digital circuits. 


AC SIGNAL 
12 
11 
10 
AC SIGNAL 
IS DIGITIZED 
OR SAMPLED 
EACH 


MILLISECOND 


TNMWAOD~AID CE 


12345678 9101112131415 161718 


TIME (IN MILLISECONDS) 


Fig. 17-45. An ac signal being converted to digital pulses. 


BURR-BROWN 


Fig. 17-46. Digital disc with chips used in circuits. 


M 


67890 


He 1 a te, 7-DIGIT SYMBOL 


18M 


Fig. 17-47. Universal Product Code symbols. 


Another example of digital electronics use is the 
Universal Product Code (UPC). It is found on most 
grocery items, Fig. 17-47. The UPC is read by a laser 
(light). The laser improves inventory (item movement) 
control. Some laser scanning systems contain a com- 
puter generated voice that tells what has been purchased 
and the price of the item. 


REVIEW QUESTIONS FOR SECTION 17.3 


. What two logic families are used widely today? 
. A 7408 IC is found in the logic family. 
. List the advantages and major disadvantages 


of the CMOS ICs. 
. What type of transistor does the CMOS IC use? 
. What number is used to signify a TTL IC? 


17.4 DIGITAL IC CONSTRUCTION PROJECTS 
BINARY BINGO* 


You have learned about binary logic and the binary 
numbering system. This project uses these principles. 
Logic design and display functions are the center of 
this project. When completed, it becomes a game of 
skill and reaction time. The rules for play are quite sim- 
ple. However, playing can be frustrating and demand- 
ing. The decimal number that is displayed must be 
matched with a series of four push buttons. These but- 
tons represent the binary equivalent of the decimal 
number. Skill level can be changed. 

The complete schematic for Binary Bingo is shown 
in Fig. 17-48. It uses a variety of logic gates. The parts 
list is shown in Fig. 17-49. 


Assembly 

1. Check your part kit against the parts list. 

2. Insert all low profile components. These include 
links L, to Lg. Lio is a length of hook-up wire. Also 


* The Binary Bingo project is used with permission from Dick Smith's “Fun Way into Electronics, Volume 3,” 
by Dick Smith (82610). The parts are available from Dick Smith Electronics, Inc., P.O. Box 8021, Redwood 
City, CA 94063, (415) 368-8844. A polybag kit of all components, including PC board but excluding Zippy 
Box case and AA cells, is available from the catalog, number 2668. 


284 


Digital Circuits 


insert resistors and diodes. Make sure of the polarity 
of the diodes. Cut excess lengths and pigtails. Solder 
as necessary, Fig. 17-50. 

3. Now insert all capacitors. Cut and solder pigtails. 
Note polarity of the electrolytics. The larger 470 pF 


capacitor Cs can be laid on its side to reduce the 
height. Then the board will fit in the Zippy Box. 

4. Carefully insert the ICs and solder. The battery lead 
with the snap attached can also be soldered. (Red 
is positive.) 


"ND" BYES 
~o R13470 R16 470 4 
+ 
DIS 1 LT313 25 k 
AS LO1 Red ah amo by Wee Bem 
Re LN /\ 10uF % 
to 7 
R12 
+ 470 + 


1415 910117313 13 12 
3 1014511 5 8 %1C4 40133 
4 Pa 
BLK a 10 2 n 


swi ẹ-0 o— 
R1 10k 
ca 
== > 
Sw2 O Diodes D1 to D5, 
ie R2 10k 1N4148 
oxen > 
SW3¢-0 o R14 
R3 10k 10k 
age 
wilt = E 
R4 10k 
5 Q 6 
1 ae 
Swi — SWS % 104 4013 B 
Pushbutton 3 5 6 
SW6 SP3P Slider CLK ID = 
Rot: 
or Rotary + 
SW6 COUNT 
ol 7 
E a C2 .01uF 
oÈ R17 2.2k 
SWS START oa laz fa2 far Bea 
+ 
14 13 12 n fie 
‘Ts o BShs y1¢2 4518 o o fs 
FEI 3 10, 12 10 “J 
CLK 4009 


Lid 


Fig. 17-48. Schematic for Binary Bingo. 


PARTS DESCRIPTION TOTAL PARTS DESCRIPTION 


QUANTITY 


TOTAL 
QUANTITY 


Semiconductors: 
Re, Ra, Re, Re, Rio, Ri, Raa 4009 CMOS 
Ris, Rie 9 IC, 
22K Rass Rac 4013 CMOS 
10 K Ri, Rae, Ra, Ra, Rs, Ria, Rio, Kx 
Roos Fean Res 4030 cmos 
3 


CMOS 
IC, 
CMOS 
IC, 
741 Op-Amp 
ICs 
555 Timer IC 
ICó 
Ceramic LT303/LT313 7 Seg. Display 
Ca DIS, 
Ceramic 1N4148 Silicon Diodes 
Cy Dı, Dz, Ds, Da, Ds 
RB Vertical Electrolytic 5 mm Red LED 
Ca, Ca, Cs LD, 


RB Vertical Electrolytic 5 mm Green LED 
Cs LD 


Resistors: 
470 ohm 


56 K 
120 K 
1 Meg 


4511 


4518 


Capacitors: 
.01 pF 


.022 pF 
10 uF 


470 uF 


Fig. 17-49. Parts list for Binary Bingo. 
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6 to 9 volt 
! Battery 


c6 
470uF o 
R24 10k T SA 
4 > 
E i 
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PARTS DESCRIPTION TOTAL 


QUANTITY 


Miscellaneous: 
SP Pushbutton Switch 
SW, — SW, 
SP4P Miniature Slide Switch 
SW, 
DPDT Miniature Slide Switch 
SW, 
Battery Snap 
4 AA Battery Carrier 
Tinned Copper Wire 
300 mm 
Hookup Wire 
150 mm 


PC Board 
ZA-1468 


Optional Components: 

(Not included in basic kit) 

Zippy Box Case UB1 
H-2751 


AA Cells 


Basic Kit of Components: 
Cat K-2668 


DICK SMITH ELECTRONICS 
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Battery Carrier 


a o oree e 


j swa SW3 
3 
= 
: 


4x “AA” Alkaline Cells 


— — Nad 


L9 $ 


C2 
Sw2 © gyi | 
Oo 


DICK SMITH ELECTRONICS 


Fig. 17-50 Binary Bingo printed circuit board component overlay diagram. 


5. Final housing of the board has to be considered at 


this point. If you use the Zippy Box method sug- 
gested, the display can be inserted. Mount it 
centered in the 14 hole position. The device itself 
may only have 10 legs. Pins 1, 7, 8, and 14 are not 
present and these holes in the board are not used. 
Do not push the display too hard up onto the board. 
Only about 1 mm of the legs should go through the 
foil side of the board. Solder in this position. This 
glves the display a little extra height so that it is 
closer to the window of the case. An optional 14 
pin IC socket can be used to increase this standoff 
distance. The display is plugged into this socket. 
Again, pins 1, 7, 8, and 14 may not be used. 

. UB1 H-2751 Zippy Box can be used to house the 
board. The dress panel for the lid of the case is 
shown in Fig. 17-51. The holes and cut-outs for this 
panel can be marked by using the label as a 
template. Place it over the lid so that the edges line 
up with the marked outlines. Using a sharp instru- 
ment, carefully mark the center positions of the 5 
push buttons, the 2 on-off switches, and the 2 LED 
holes. Mark each corner of the 3 rectangular cut- 
outs and remove the label. Scribe a line between 
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each marked point of the cut-outs so that a rectangle 
is clearly visible. 

The holes can now be drilled at the centers 
marked. Dimensions are 6.5 to 7 mm for the push 
buttons, 2 x 2 mm for the on-off switches, and 2 
x 5mm for the LEDs. The rectangular sections can 
be cut out with a piercing or jeweler’s saw. A pilot 
hole will have to be drilled in the center of the cut- 
out first so the saw blade will fit. Do not cut right 
up to the scribed line. The final dressing of the hole 
can be done with a small needle file. If you do not 
have a saw of this kind, drill a hole in the center 
of each cut-out. Then use a small needle file to 
enlarge and shape the hole to final size. All burrs 
should be removed from each hole with a small file. 

The label can now be glued to the lid. Use a rub- 
ber based contact adhesive. Position it precisely 
before pressing down. The holes can be punched 
through this label by using the rear shank of the 
drill for the size hole. Push it straight through from 
the face side so that a clean cut is made. The rec- 
tangular cut-outs can be trimmed by using a sharp 
razor blade or knife. Trim around the edges of the 
label and lid if needed. 
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D ON ` g i r 


DICK SMITH ELECTRONICS 


Fig. 17-51. Template for the cover of Binary Bingo. 


Final board assembly can now be completed. The 
S-2060 count switch should drop neatly into the hole 
system in the board. Solder it with the body flush 
to the board. If the switch provided does not fit the 
hole, wire the contacts and mount the body to the 
lid with screws. Two extra holes will haveto bedrilled. 

The on-off and push-button switches can be 
mounted on the front panel with the screws and nuts 
provided. Do not tighten the nuts firmly at this 
stage. Solder short lengths of tinned copper wire 
to the contacts of each switch. Now insert the two 
LEDs in the correct holes. Note that the flat side 
of the body (k) faces away from the seven segment 
display. Do not solder at this stage. 

Now position the board over these switch wires 
so that they can be threaded through the holes in 
the board. If each push button is turned until each 
contact is over the holes, the board will fit flush. 
The three wires from the on-off switch will have 
to be bent at right angles to accommodate the holes 
in the board. Depending on the push buttons sup- 
plied, it may be necessary to bend the end of the 
contact. This will reduce the overall height of the 
switch. The lever of SW, can then correctly pierce 
the panel. Securely tighten the push buttons. Solder 
the wires so that the board and the front panel are 
parallel. Push the LEDs up to the front panel so 
that the shoulder of the body is flush with the rear 
surface. Solder the four leads, and cut off all excess 
pigtail lengths. This completes all wiring. 
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7. The battery pack can now be plugged in and the 
unit tested. If all is well, the total assembly can fit 
into the Zippy Box. If the unit fails to operate cor- 
rectly, check all wiring. PC board assembly, and 
soldering. 

8. To make the assembly solid, fix the board to the 
bottom of the box using four standoffs. The length 
of these supports will have to be measured carefully 
so that the board, front panel, and case have the 
right spacing between them. This extra work is 
needed only if the unit is to be subjected to rough 
treatment. Normally, the simple wiring from the 
switches to the board support the system. 

9. The P-6114 battery carrier and 4 AA cells fit 
between the bottom of the case and the board. Fit 
a flat piece of foam plastic between the board and 
the carrier to hold it in place, Fig. 17-52. When the 
case screws are tightened, this foam will hold the 
carrier in position. 


How it works 

The circuit has two basic timing periods. The first 
and the longest is the decision period. During this cycle, 
a decimal number is displayed by the seven segment 
readout. At the same time, the binary equivalent of 
this number has to be keyed in and held by the four 
push buttons. During the second period, the display 
is blanked. At this time the number keyed and the 
number appearing on the output of the decade counter 
are compared. If they match, the “yes” LED will light. 
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Fig. 17-52. Switches supporting the printed circuit board inside the case. 


Likewise, the “no” LED will come on if the two 
numbers do not match. After comparison, the decade 
counter is clocked by a free running oscillator. The 
system returns to the first state to repeat the cycle. 


Decade counter clock and display 

The decade counter (half of the 4518 CMOS pack), 
a free running clock made from two inverters (4009 
CMOS buffers), the seven segment LED display 
(LT313), and a variable gating system (4013 and 555) 
make up a random number generator. 

During a short gating period, the decade counter is 
clocked by the free running clock. It is made from two 
inverters of the 4009 running at about 20 kHz. At the 
end of this clock burst period, the last number in the 
count is stored in the counter. It is present at its out- 
puts Q: to Q4. These outputs are connected to the 4511 
decoder/driver for the display. 


System clock 

A 555 timer is used to create the two timing periods 
in the operating cycle. It is a low frequency oscillator 
with a variable mark-space ratio. The longest of these 
two periods, the decision cycle, is around 3 seconds 
and pin 3 is high. During this time, a decimal number is 
displayed and a binary equivalent has to be entered. 

For the second and shorter period, around 0.6 
seconds, the output is low. This is the active system 
clocking period. 

The decision period can be shortened by using the 
555 voltage control pin 5. This is driven by a 741 
op-amp that is used as a high input impedance buffer 
of the voltage present on the 10 „F storage capacitor 
C3. Actual voltage can vary somewhere between the 
supply rails. This will depend on the state of the deci- 
sion memory flip-flop output pin 13 of IC,. 


Assume that the last answer resulted in a true answer. 
The “no” LED would be off. Therefore, the Q out- 
put, pin 13 would be low. This would result in C3 being 
discharged towards the negative rail via Rig. This 
decreasing voltage is applied to the 555 via the op-amp 
buffer (current limited by R2s). This decreases the 
threshold operating point (normally two-thirds the 
supply rail). Therefore, the charging period of the tim- 
ing capacitor Cs (10 pF) is shortened. This results in 
reducing the 555 on time and as a result shortens the 
decision period. 

From this action, we can see that if the correct 
answer is given, the decision time is reduced. The skill 
required to make these decisions is increased. If a 
mistake is made, the “yes” LED will be off and pin 
13 of the 4013 will be high. This results in an increase 
in voltage on C3 and an increase in decision time. The 
range of this time period may be from about 1 second 
to 3 seconds. If a shorter period is required, this can 
be reduced by changing the 555 timing charge compo- 
nent R22. Try moving 100 K down to 68 K. 


Correct answer counter 

The second half of the dual 4518 is employed as a 
simple counter. It collects the sequential correct “yes” 
answers. Outputs Q, to Q, are used to stop the system 
clock when a “full card” is reached. This will depend 
on the position of the 4 position switch. When the out- 
put connected via this switch goes high, it is inverted 
by the 4009 (f) and stops the 555 via the reset input, 
pin 4. This results in a “winning card” and stops the 
game. The display is blanked and will remain in this 
state until the START button is pressed. This restores 
the counter to zero so that all outputs are low. The 
555 is once again enabled. Any “no” answer will reset 
this counter to zero via Ds. 
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Comparator 

During the decision period, the binary equivalent to 
the decimal number displayed on the readout has to 
be entered into the four push buttons SW, to SW,. 
This number is compared to the binary output of the 
decade counter using four XOR gates of the 4030. If 
the numbers match, all outputs of the 4030 will be low 
and diodes D, to D, will be reverse biased. This results 
in the data input, pin 9 of the 4013a being held low 
by Ri4. If the switch combination does not match the 
counter output, at least one of the 4030 outputs will 
be high. This will pull the D input high. 

When the system clock changes to the active period, 
pin 3 of the 555 goes low. This signal is inverted by 
the 4009 inverter (e) and transferred to the clock input 
of the 4013, pin 11. It is on this positive going transi- 
tion that the 4013 transfers the logic level on the data 
input, pin 9 to the Q output, pin 13. If the D had a 
low level from the comparator, a “yes” answer would 
show. 

When the system clock reverts to the decision cycle, 
this positive going transition at pin 3 of the 555 will 
clock the 4013b mono via pin 3. As discussed, this short 
mono period will enable the decade counter clock 
system and the clock on the answer counter. The 
display will also be enabled as the blanking input of 
the 4511 goes high. 


To play the game 

Switch the unit on and press the START button. 
Slide the COUNT switch to the 2 position. A number 
will appear on the display. Now press the switch or 
switches that would be the binary number equivalent. 
The table above the four push buttons shows the 
equivalents. A 1 in the column indicates that the push 
button is on. 0 is off. So, if the number on the display 
is 7, the 1, 2 and 4 switches have to be pushed and held. 
A 9 on the display would require the 8 and 1 buttons 
to be pushed and held. 

After the decision time period, the display will go 
blank. One of the decison LEDs will light. If you 
pressed the correct binary equivalent push buttons, the 
“ves” LED will light. 

The next decimal number will come up on the 
display now. Press the correct push buttons. If your 
answer is right, the “yes” LED will remain on. The 
display will go blank but will not come on again if the 
two answers were correct. This is because the answer 
counter has increased two places (the number you first 
entered in the count switch). This means you have a 
“full card.” You have won the game! 

Now move the count switch to the 4 or 8 position. 
Press the start button and play again. Notice that as 
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you get more answers right, the decision time decreases, 
giving you less time to think. It becomes much easier 
to make a mistake. 

Each time the answer is wrong, the “no” LED comes 
on. The count resets to zero. You can only win the 
game with a full card if your answers are given cor- 
rectly in the order presented. 

When a mistake is made, the decision period 
increases so you have time to think. If you find that 
after a number of games you become skilled at the 
operation, the decision time can be shortened. 

This game is a good teaching aid for the binary 
number system. At the same time, it tests and improves 
your reaction time. 


SUMMARY 


1. There are two types of integrated circuits: linear and 
digital. 

2. Digital circuits containing semiconductors use 
on/off or high and low pulse levels to activate 
them. These two conditions are 0 and 1 in the binary 
numbering system. 

3. Digital logic circuits are on (1) in the valid logic high 
voltage area and off (0) in the valid logic,low voltage 
areas. 

4. Basic gate circuits include: 

. AND gate. 

. OR gate. 

. NOT gate. 

. NAND gate. 

NOR gate. 
XOR gate. 

. XNOR gate. 

5. Digital ICs can perform all logic functions. 

6. Truth tables show the condition of a gate’s output 
(C), with varying input values of A and B. 

7. Some logic families for ICs are: 

a. Resistor-transistor logic (RTL). 

b. Diode-transistor logic (DTL). 

c. Transistor-transistor logic (TTL). 

d. Complementary metal-oxide semiconductor 
(CMOS). 
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TEST YOUR KNOWLEDGE, Chapter 17 


Please do not write in the text. Place your answers 
on a Separate sheet of paper. 
1. The two state system in which circuits are either 
on or off is the system. 
2. Give the binary equivalents for decimal numbers 
1 through 10. 
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3. Complete the following addition problems. 

a. 1101 + 1001. 

b. 010101 + 100110. 
Cali. 

d. 111001 + 100001. 

4. The 2 A the high 
value of |. The ——— ec 
the low value of 0. 

5. Electronic switching circuits that decide whether 
inputs will pass to output or be stopped are called 


MATCHING QUESTIONS: Match the following 
definitions with the correct terms. 


a. AND gate. e. NOR gate. 
b. OR gate. f. XOR gate. 
c. NOT gate. g. XNOR gate. 
d. NAND gate. 


6. A negative AND gate. 
7. Exclusive NOR gate. 
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. Provides an output of 1 if all inputs are 1. 

. Inverts the polarity of the input signal. 

. Exclusive OR gate. 

. Provides an output of 1 when either input is 1. 
. A negative OR gate. 

. Name two logic families that are no longer in wide 


use, 


FOR DISCUSSION 


. What advantages do integrated circuits have over 


individual transistors? 


. Name the basic types of integrated circuits. 
. What is the difference between a NOT and a NOR 


logic gate? 


. What are the basic differences between the opera- 


tional amplifier circuit symbol and the NOT gate? 


. What advances do you think will be made in the 


computer field in the next 25 years? 


Digital Circuits 


GOULD INDUSTRIAL AUTOMATION SYSTEMS 

Digital circuits are used in programmable controllers. A programmable controller controls procedures 

done in an industrial process. The unit saves setup time by its use of programming entered in an engineer- 
ing office. 
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TEKTRONIX 

Oscilloscope has a chart recorder for saving the results of a very fast event. An oscillator inside controls 

the horizontal sweep. A second oscillator known as a “‘clock’’ controls the collecting and transmitting 
of data. This unit can be connected to an optical fiber cable to test cable response. 


ELECTRODE 


SOUND WAVE 


ELECTRICAL INPUT $ 
CRYSTAL 


ELECTRODE 


A crystal used in oscillators. Electricity produces stress and sound waves in a 
piezoelectric crystal, such as one made of quartz. Sound waves and stress in the 
crystal produce electricity. 


Oscillators are the basis of radio and television. They are also the basis of most computer control systems 

and the systems computers use to communicate over a telephone line. Oscillators are used in test in- 

struments like oscilloscopes. Oscillators can be variable or crystal-controlled. There are many simple cir- 
cuits that produce ac from dc. The student is encouraged to build and test some of these. 
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After studying this chapter, you will be able to: 

E Explain what occurs during an oscillation cycle. 

E Identify various oscillators. 

@ Discuss and compare the Armstrong oscillator and 
the Hartley oscillator. 

E Outline the operation of the crystal oscillator and 
the power oscillator. 


The pendulum on a grandfather’s clock swings back 
and forth. It marks the time in seconds. Why does the 
pendulum swing? The pendulum swings to keep time. 
The main spring, that is used to move the pendulum, 
is wound with a key. As the spring unwinds, the pen- 
dulum swings. How does it keep the correct time? 
Adjustments are made to the pendulum length so the 
time required for one complete swing matches one 
second. The swinging pendulum can be thought of as 
an OSCILLATOR, Fig. 18-1. An oscillator is an elec- 
tronic circuit that generates an ac signal at a desired 
frequency. 


18.1 BASIC OSCILLATORS 


An oscillating current is one that flows back and 
forth. It moves first in one direction and then the other. 

Follow the voltage amplitude. It starts from its 
reference line and rises to its peak in one direction and 
falls to zero. Then it rises to its peak in the opposite 
direction and returns to zero. One CYCLE has been 
completed. 

As oscillation continues, it repeats these cycles. The 
time that passes during this cycle is called the PERIOD 
of cycle. The number of cycles occurring per second 
is measured and given as the frequency in hertz. 

We learned earlier that the electricity used in houses 
and factories is an alternating or oscillating current. 


Chapter 18 
OSCILLATORS 


It works at a frequency of 60 hertz. The current is 
generated by dynamos driven by steam, water, or 
atomic power. 

In our studies of electronics, voltages and currents 
of much higher frequencies are used. These are 
generated by a semiconductor (transistor) or an 
integrated circuit used as an oscillator. The semicon- 
ductor or IC does not actually oscillate, but acts as a 
valve. The valve feeds energy to a tuned circuit to main- 
tain oscillation. 


PENDULUM 
MAXIMUM SWING PEAK 


MAXIMUM SWING PEAK 


CLOCK PENDULUM OSCILLATING CURRENT 


Fig. 18-1. Notice the similarities between the clock pendulum 
and the oscillating current. 
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Oscillation was explained in Chapter 11. You may 
wish to take time now to review this material. The basic 
block diagram of an oscillator is shown in Fig. 18-2. 

Two conditions must exist to sustain oscillation in 
a tuned circuit: 

1. The energy fed back to the tuned circuit must be in 
phase with the first voltage. The oscillator depends 
upon REGENERATIVE or POSITIVE feedback. 

. There must be enough feedback voltage amplitude 
to replace the energy lost by circuit resistance. 


THE ARMSTRONG OSCILLATOR 


A transistorized Armstrong oscillator is shown in 
Fig. 18-3. From this circuit, the basic theory of 
oscillators can be explained. Notice the tuned-tank 
circuit L,C,. This determines the frequency of the 
oscillator. Follow the sequence of events in this circuit. 
Step 1. When the voltage is applied to the circuit, cur- 
rent flows from B—, through the transistor 
and tickler coil L2, to B+. Lz is closely cou- 
pled to L,. The expanding magnetic field of 
L- makes the collector end of L, positive. C, 
charges to the polarity shown. The base of Q, 
also collects electrons. It charges C2 in the 
polarity shown, Fig. 18-4. 

Step 2. When Q; reaches its saturation point, there is 
no longer a change of current in L2. Magnetic 
coupling to L, drops to zero. The negative 


FEEDBACK 


OSCILLATOR 
OUTPUT 


Fig. 18-2. Block diagram of a sine wave oscillator. 


charge on the base side of Cz is no longer 

opposed by the induced voltage of L,. The 

negative charge drives the transistor to cutoff. 

This rapid decrease in current through the tran- 

sistor and Lz causes the base end of L, to 

become negative. This INCREASES the 

negative bias on Q;. C; discharges through L, 

as the first half-cycle of oscillation. C2 bleeds 

off its charge through R,. See Fig. 18-5. 

The transistor, Q,, is held at cutoff until the 

charge on Cz is bled off to above cutoff. At 

that time the transistor starts conduction and 
the cycle is repeated. 

There are a few points to remember in Armstrong 
oscillator operation. 

1. The voltage developed across L, first opposes and 
then adds to the bias developed by the RC, 
combination. 

2. The energy added to the tuned-tank circuit L,C, by 

the tickler coil L2 is great enough to offset the energy 

lost in the circuit due to resistance. The coupling 
between L, and Lz can be adjusted. 

The combination RC2 has a somewhat long time 

constant. It sets the operating bias for the transistor. 

Q, is operated Class C. 


Step 3. 


3. 


B+ 


Fig. 18-4. Step 1 in Armstrong oscillator operation. Current 
flows from B— to B+. 


Fig. 18-3. Schematic of an Armstrong oscillator. 


294 


Fig. 18-5. Step 2 in Armstrong oscillator operation. The first 
half-cycle of oscillation. 


Oscillators 


Study the voltage waveform on the base of Q, in Fig. 
18-6. The shaded portion is transistor conduction. At 
point B the bias is negative. This results from the charge 
on Cz plus the induced voltage across Lı. Interval B 
to C denotes the time that passes while C2 discharges 
through R to the cutoff point and conduction begins 
for the next cycle. 


THE HARTLEY OSCILLATOR 


An oscillator used commonly in radio receivers and 
transmitters is the Hartley oscillator. It is more stable 
than the Armstrong. The operation theory is similar, 
however. The Hartley oscillator is set apart from other 
oscillators by the tapped coil, L, and La in Fig. 18-7. 

The Hartley parts in Fig. 18-7 are labeled in a man- 
ner similar to the labeling used for the Armstrong 
oscillator in Figs. 18-4 and 18-5. The L, section of the 
coil is in series with the emitter-collector circuit. It car- 
ries the total collector current. 

The current Ie, which includes Ic, is shown by the 
arrows. When the circuit is turned on, current flow 
through L, induces a voltage at the top of L2. This 
makes the base of Q more negative and drives the tran- 
sistor to saturation. Once saturation is reached, there 


ZERO BIAS 
CUTOFF BIAS 


Fig. 18-6. Voltage waveform on base of oscillator. Compare 
it to steps 1, 2, and 3. 


Fig. 18-7. A transistorized Hartley oscillator circuit. 


is no more current change. The coupling between L, 
and Lz falls to zero. The less negative voltage at the 
base of Q causes the transistor to decrease conduction. 
This decrease induces a positive voltage at the top end 
of L2. This is reverse bias for the transistor. The tran- 
sistor is quickly driven to cutoff. The cycle is then 
repeated. The tank circuit is energized by pulses of cur- 
rent. The transistor switches between saturation and 
cutoff at the same frequency. 

The resting bias condition of the transistor is set by 
Re and Re. The radio frequency choke, or RFC, 
blocks the rf signal from the power source. 

In this circuit, note that coil L, is in SERIES with 
the transistor collector circuit. It is a SERIES FED 
oscillator. 

In Fig. 18-8, a SHUNT FED oscillator is shown. 
Operation is the same. Note that the dc path for the 
emitter-collector current is not through coil Lı. The 
ac signal path, however, is through C and L;. At point 
A, the two current components are separated and re- 
quired to take parallel paths. Both oscillators receive 
their feedback energy through magnetic coupling. 


REVIEW QUESTIONS FOR SECTION 18.1 


. The time that passes during one cycle of an 
oscillating current is called the of the 
cycle. 

. What is the purpose of an oscillator? 

. What two conditions must exist to sustain oscil- 
lation in a tuned circuit? 

. The_____ oscillator has a tickler coil. 

. The oscillator has a tapped coil. 


Re 


—Vcc 


+ 


Fig. 18-8. A shunt fed Hartley oscillator. 


295 


Electricity and Electronics 


18.2 OTHER OSCILLATORS 
THE COLPITTS OSCILLATOR 


Feedback may also be created with an electrostatic 
field like that found in a capacitor. Replace the tapped 
coil from the Hartley oscillator with a split stator 
capacitor. A voltage of proper polarity will be fed back. 
This will cause the circuit to oscillate. This circuit is 
called a Colpitts oscillator, Fig. 18-9. 

Operation of this oscillator is like the Hartley 
oscillator. However, the signal is coupled back to C; 
of the tank circuit through coupling capacitor C3. A 
changing voltage at the collector appears as a voltage 
across the tank circuit LC,C,. It is in the proper phase 
to be a regenerative signal. The amount of feedback 
will depend on the ratio of C, to C2. This ratio is most 
often fixed. Both capacitors C, and C2 are controlled 
by a single shaft (ganged capacitor). The frequency of 
the oscillator is set in the common manner. The tuned- 
tank consists of L and C, and Cz in series. The circuit 
is shunt fed. Series fed is not possible due to the block- 
ing of de by the capacitors. 


CRYSTAL OSCILLATORS 


A circuit with a stable high frequency is the crystal 
controlled oscillator. It is used in radio communica- 
tions, broadcasting stations, and with equipment that 
needs a fixed frequency with little drift. 

You learned earlier that an emf can be made with 
mechanical pressure and/or distortion of certain 
crystalline substances. The opposite is also true. A 
voltage applied to the surface of a crystal will make 
distortion. 

These are called PIEZOELECTRIC EFFECTS. 
When electrical pressure is applied to a crystal, it will 
oscillate. Frequency will depend on the size, thickness, 
and kind of crystal used. 

Crystals are used in amateur radio to control the 
transmitter frequency. In a commercial broadcasting 
station, crystals used to control transmitter frequency 
are placed in CRYSTAL OVENS. These are main- 
tained at a constant temperature. 

Before using a crystal to stabilize an oscillator, refer 
to Fig. 18-10. A crystal is placed between two metallic 
holders. This forms a capacitor Cy. The crystal itself 
is the dielectric. Cg denotes the series capacitance be- 
tween the metal holding plates and the air gap between 
them (as a dielectric). L, C, and R denote the traits 
of the crystal. Note the likeness of the equivalent crystal 
circuit to a tuned circuit. It will have a resonant 
frequency. 


Fig. 18-9. Schematic diagram of a Colpitts oscillator. 


CG 
L 
l 
CH c 
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Fig. 18-10. A—An electrical circuit that is equivalent to a 
crystal. B—The schematic symbol for a crystal. 


CRYSTAL Cs 


Fig. 18-11. A crystal controlled Hartley oscillator circuit. 


A transistorized crystal oscillator circuit is shown in 
Fig. 18-11. Compare this circuit to Fig. 18-8. It is the 
same circuit with the crystal added to the FEEDBACK 
CIRCUIT. The crystal acts as a series resonance circuit. 
It set the frequency of the feedback currents. The tank 
circuit must be tuned to this frequency. 
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In Fig. 18-12, the crystal is used in place of the tuned 
circuit in a Colpitts oscillator. This is the Pierce 
oscillator. Compare the circuit to Fig. 18-9. 

The amount of feedback needed to energize the 
crystal again depends on the ratio of C, to C2. These 
capacitors form a voltage divider across the emitter- 
base of the transistor. The Pierce circuit is stable under 
changing circuit conditions. 

A SIGNAL GENERATOR is an electronic oscillator 
that generates various signals for testing, Fig. 18-13. 


POWER OSCILLATORS AND CONVERTERS 


A power oscillator can convert dc to ac or ac to dc, 
then transform the signal to a higher voltage and rec- 
tify it back to dc. 

Fig. 18-14 shows a power oscillator circuit. It is 
actually a push-pull oscillator. The collector load of 
each transistor is the primary of the transformer. The 
ac Output is found at the secondary. A proper turns 
ratio is used if higher or lower voltages are needed. 

A slight imbalance in conductivity between Q, and 
Q2 will start oscillation. This imbalance is always pre- 


CRYSTAL — 


Fig. 18-12. A crystal controlled Pierce oscillator circuit. 


BOONTON (8% Sone tence 


BOONTON ELECTRONICS 


Fig. 18-13. This signal generator can produce both AM and 
FM signals. 
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OUTPUT 


Fig. 18-14. Power oscillator circuit. 


sent due to components or temperature. The two tran- 
sistors are either going toward saturation and cutoff, 
or vice versa. 

Assume Q, starts conducting. The voltage at C of 
Q; goes less negative. This makes the base of Q2 less 
negative. Qz drives toward cutoff. A more negative 
voltage at C of Q2 drives Q, base more negative. Q, 
reaches saturation. When there is no change in current 
at saturation, transformer primary reactance drops to 
zero. Collector voltage toward the value of Vcc also 
decreases. This more negative voltage coupled to the 
base of Q- through R; starts Q2 toward conduction 
and saturation. The transistors conduct one at a time. 
The output is combined into a complete cycle at the 
transformer secondary output. 

If the output from the transformer in Fig. 18-14 is 
connected to a rectifier and filter circuits, the output 
again becomes dc. 


REVIEW QUESTIONS FOR SECTION 18.2 


. Why is series feeding impossible in a Colpitts 
oscillator? 

. What is piezoelectric effect? 

. A oscillator uses a crystal in place of 
the tuned circuit found in a Colpitts oscillator. 

. Draw the circuit for a power oscillator. 


18.3 OSCILLATOR PROJECTS 
MORSE CODE OSCILLATOR 


The oscillator shown in Fig. 18-15 produces a 
variable tone. It can be used to send Morse Code. 
Simple musical tunes can be played on it by varying 
the tone control knob. 


Electricity and Electronics 


Fig. 18-15. A completed Morse Code oscillator. It is housed 
in a shadow cabinet. 


The schematic diagram and the parts list are shown 
in Figs. 18-16 and 18-17. A shadow cabinet houses the 
oscillator. The cabinet is made of 20 ga. galvanized 
iron. It is covered with imitation leather. 


THE SQUAWKER 


The Squawker is a transistorized horn, Fig. 18-18. 
It uses power transistors in a multivibrator configura- 


— Capacitor .5 pF 
— Potentiometer 25 kQ 
— 6800 Q, 1/2 W 
— Transistor Output Transformer AR 119 or 
Thordarson TR 27 (pri. = 500 Q CT, sec. = 3.2 Q) 
— RCA transistor SK 3004 or Radio Shack transistor 
276-2007 
PM — Speaker 1 1/2” Philmore 
Sı — Switch, SPST 
Binding Posts or phono jack, knob and small hardware 


Fig. 18-17. Parts list for the Morse Code oscillator. 
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Fig. 18-18. A completed Squawker. 


tion, Fig. 18-19. The amplifier stages also generate 
audio frequency oscillation by feeding the output of 
one transistor to the base of the other. Feedback is done 
by C, and C2. Sı may be replaced by wires to the horn 
button. Bı is the 12 volt battery in the car. 


Fig. 18-19. Schematic diagram for the Squawker. 


Oscillators 


B, — 12 volt (1 ampere drain) auto or boat battery, or 
2 Burgess F4P1 batteries wired in series. 

Cı, Ca — 2.0 pF, electrolytic, 25 volt 

LS, — 8 ohm tweeter, Lafayette HK-3 or equivalent 

Q,, Q: — Sylvania 2N307 power transistor or RCA 


SK 3009 
Ri, Re — 2002, 1 W 
S, — SPST pushbutton switch, normally open 
T, — Lafayette TR-94 or Triad/Utrad TY-64X 
LS, — For alternate connection - 45 ohm paging trumpet; 
University CMIL-45, University MIL-45, or equivalent 


Fig. 18-20. Parts list for the Squawker. 


Any metal or wooden box may be used to house the 
horn. It is best to use a weatherproof speaker if the 
horn is installed on a car. Or it can be protected by 
a plastic covering. The parts list is given in Fig. 18-20. 


SUMMARY 


1. An oscillator is an electronic circuit that produces 
an ac signal at a desired frequency. 

. A cycle is a complete set of positive and negative 
values for an ac signal. 

. Frequency is the number of cycles per second. It 
is measured in hertz. 

. An oscillator circuit is usually made up of a wave- 
producing circuit, amplifier, and feedback circuit. 
The feedback circuit usually causes variations in 
oscillator designs. 

. The Armstrong oscillator has a tickler coil for 
feedback. 

. The Hartley oscillator has a tapped coil in the tank 

circuit. 

A Colpitts oscillator has two capacitors in the tank 

circuit with a “tap” between them. 

. Crystal oscillators use piezoelectric crystals to main- 

tain accurate frequencies. 

Power oscillators can convert ac to de or vice versa, 
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then transform the signal to a higher voltage and 
rectify it back to dc. 


TEST YOUR KNOWLEDGE, Chapter 18 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 
1. A is a complete set of positive and 
negative values for an ac signal. 
What is the period of a cycle? 
The > - circuit determines the fre- 
quency in the Armstrong oscillator. 
. Outline the steps in the operation of the Armstrong 
oscillator. 
. What feedback method is used in the Hartley 
oscillator? 
. What feedback method is used in the Colpitts 
oscillator? 
. Draw the equivalent electrical circuit of a crystal. 
. A power oscillator can: 
a. Convert de to ac. or ac to de: 
b. Transform a signal to a higher voltage. 
c. Rectify a signal back to dc. 
d. All of the above. 


oe 
3: 


FOR DISCUSSION 


1. How does an electronic oscillator compare to a clock 
pendulum? 

. Can a Piezoelectric crystal be used to produce 
electricity if pressure is applied? 

. Explain the operation of a Hartley oscillator. 

What is the difference between a series fed oscillator 

and a shunt fed oscillator? 

Why are crystal oscillators used in many commer- 

cial transmitters? 

. How can a Colpitts oscillator be identified? 


Part V Summary 
BASIC ELECTRONIC CIRCUITS 


IMPORTANT POINTS 


IE 


2: 


A power supply is an electronic circuit that pro- 

vides ac and dc voltages for equipment operation. 

Power supplies can: 

a. Step up or step down ac line voltage to the 
required voltage using transformer action. 

b. Change ac voltage to a pulsating dc voltage by 
either half-wave or full-wave rectification. 

c. Filter pulsating dc voltage to produce a more 
pure dc for equipment use. 

d. Provide voltage division for equipment use. 

e. With the proper components, regulate output 
in proportion to the applied load. 


. Most power supplies have a rectifier and filter. 


Transformers and voltage regulators are also used 
in some power supplies. 


. Amplifiers control large output voltages using 


small input voltages. 


. Forward bias provides low resistance to current 


flow. Reverse bias provides high resistance to cur- 
rent flow. 


. Class A amplifiers are biased so that output cur- 


rent flows for 360 degrees of the input signal cycle. 


300 


Class B amplifiers are biased so that output cur- 
rent flows during 180 degrees of the input signal 
cycle. Class C amplifiers are biased so that the out- 
put current flows less than 180 degrees of the input 
signal cycle. 


. Amplifiers can be connected in a number of ways 


to increase gain. 


. Linear ICs have variable outputs. Digital ICs have 


only two outputs: on and off. 


. The binary numbering system has only two states: 


0 or 1. For example, the binary number for 22 is 
10110. 


. An IC is turned on at valid logic high while it is 


turned off at valid logic low. 


. A bit is a single binary digit (0 or 1). A byte is eight 


bits. 


. An inverter changes the value of an incoming signal 


(from 0 to 1, from 1 to 0). 


. An oscillator generates an ac signal at a desired 


frequency. 


. Oscillators are commonly grouped based on feed- 


back method. 


. The basic parts of an oscillator are the wave pro- 


ducing circuit, amplifier, and feedback circuit. 


SUMMARY QUESTIONS 


1. What is the percentage of regulation in a power 
supply with a no load voltage of 20 volts and full 
load voltage of 13 volts? 

2. What is the percentage of ripple for an ac signal 
with an rms value of 56 volts and peak voltage of 
80 volts? 


301 


. An amplifier has a change in output voltage of 15 


volts ac and a change in input voltage of 500 
millivolts. What is the voltage gain? 


. What is the binary number for 2000? 
. Draw the truth tables for: 


a. NAND gate. 
b. AND gate. 
c. XOR gate. 


Part VI 


ELECTRONIC COMMUNICATION 
AND DATA SYSTEMS 


19 Radio Wave Transmission 
20 Radio Wave Receivers 

21 Television 

22 Computers 


Communication is the process of exchanging infor- 
mation. The information moves from a source Haug 
a transmitter to a destination. | 

There are many ways to communicate. Methods that 
use electronics include human-to-machine, machine- 
to-human, and machine-to-machine. In electronic com- 
munication, the transmitter is often electromagnetic 
waves or cable. Transducers are needed. by both 
transmitter and receiver to convert input signals. 
Transducers are also needed to convert the output 
signals to other forms of energy. Computers are an 
excellent example of electronic communication. 

Chapter 19 discusses radio wave: transmission. 
Amplitude modulation (AM) and frequency modula- 
tion (FM) are explained. Also discussed i is the transmis- 
sion of electromagnetic waves. 

Radio wave receivers are presented i in Chapter 20. 
Topics discussed include the history of receivers, AM 
and FM receivers, the superheterodyne receiver, and 
transducers (speakers and headphones). There i is also 
a radio construction project. | 

Chapter 21 explains the operation of oa 
(black and white, color, large screen, cable, satellite). 

One of the most powerful tools of this century, the 
computer, is the subject of Chapter 22. Key topics of | 
discussion include the history of the computer, com- 
puter operation, and computer components. 


Electricity and Electronics 


cy as . 
E 7 Ea OvTreutr LEVEL 
e. 2 WY fhe ae 


e 


R 3 * 
NNG 


MEA 


This AM/FM signal generator is just one important device needed to test circuits used for 
radio wave transmission. 


WAVE DIRECTION 


The varying currents in all ac circuits give off electromagnetic waves. A circuit operating at 60 

Hz does not give off enough radiation to be a practical transmitter. Frequencies as high as 20 

kHz are usually required to transmit information. Waves are transmitted with a combination of 

a varying electric field (E) and a varying magnetic field (B). See the drawing that shows the E 
and B fields 
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After studying this chapter, you will be able to: 

E Construct the communication model. 

E Explain the methods of transmitting radio waves. 

E Discuss amplitude modulation and frequency 
modulation. 

EE Calculate the percent of modulation. 

E Calculate wavelength. 

El Identify types of radio waves. 


Humans have communicated with each other for 
thousands of years. However, electrical and electronic 
communication has been present for only the past cen- 
tury. Now one person can communicate with other peo- 
ple and with machines. 


19.1 COMMUNICATION MODEL 


A basic communication model is shown in Fig. 19-1. 
All communication has three basic parts: source, 
transmitter, and destination. 

The source is the starting point of the message to 
be sent. For example, when you are speaking to a 
friend, you are the source of information. You start 
the message on its way. 

Next, the message is transmitted. During transmis- 
sion, the message is sent toward its destination. 


Chapter 19 


RADIO WAVE 
TRANSMISSION 


Messages can be sent in a number of ways. In electronic 
communication, messages are often sent as electrical 
signals. These signals or electrical pulses move through 
a channel. The channel may be electromagnetic waves, 
wires, air, or some other medium. (A medium means 
some way of carrying the signal.) 

Finally, the message reaches its destination. The 
DESTINATION is the final stop for the transmitted 
message. The destination can take many forms. It 
might be a person or it might be a machine. 

At the destination, the message may have to be 
decoded. Decoding changes the transmitted message 
into an understandable form. For example, radio 
broadcast waves reach a radio (destination) as elec- 
tronic signals. These signals are changed in the stereo 
receiver to sounds we understand. 

Two other important parts of the communication 
model are feedback and noise, Fig. 19-2. FEEDBACK 
is a sign that a message has been received. It often is 
an exchange of signals between the destination and the 
source. 

NOISE is a break in the intended signal. It distorts 
the message. It commonly enters the communication 
process during transmission. For example, noise in elec- 
tronic communication may be caused by lightning 
breaking an electrical signal. 


TRANSMITTED 


SOURCE 


(CODED) 
INFORMATION 


DESTINATION 


Fig. 19-1. Study the three parts of the basic communication model. 
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TRANSMITTED 


SOURCE 


(CODED) 


DESTINATION 


INFORMATION 


Fig. 19-2. Noise and feedback are also part of the communication model. 


One type of communication model is shown in Fig. 
19-3. The source of the message is the microphone. The 
message is transmitted through antennas. The receiver 
is the destination. It picks up, tunes, amplifies, and 
reproduces the information. 


FREQUENCY SPECTRUM 
Earlier study included discussion of waves having 


certain frequencies. See Fig. 19-4. This is a frequency 
spectrum. It indicates the frequency bands used by 


telecommunication areas such as radio, television, and 
police. 

The use of frequencies is strictly controlled. This is 
because there are many users of these systems. And 
each user requires a frequency on which to broadcast. 
There are only so many frequencies available. These 
must be assigned to meet the needs of the public. At 
the same time, there must be a minimum of interference 
between the services. The Federal Communications 
Commission (FCC) controls frequency assignment in 
the United States. 


INPUT > eM PROCESS Se A eee OUTPUT 


DNV, 


| 
| 
l 
| 
| 
l 
| 
| 


TA 
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A 
MICROPHONE 
SPEAKER 


Fig. 19-3. Can you find the source, transmitter, and destination of this communication model? 
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FREQUENCY SPECTRUM ALLOCATIONS 


ae. O Y Ev $ ¿$ 300 kHz 


MARINE MOBILE AND MARINE 


INTERNATIONAL PUBLIC FIXED MOBILE 


NOT RADIO NAVIGATION RADIO NAVIGATION : 
ALLOCATED RADIO NAVIGATION 
© o 4 “ 
300 kHz >» 2 2 G T 


MARINE AM BROADCAST 


NAVIGATION | MOBILE (EUROPE 525-1605 kHz) MOBILE 


MOBILE MOBILE 


3 MHz 


MOBILE cB’) 
MOBILE MOBILE 


MOBILE 


30 MHz 300 MHz 


GOVERNMENT 


PUBLIC SERVICE CHANNELS 


2-4 


\ RADIO LOCATION 
GOVERNMENT “PUBLIC SERVICE 


AIR NAVIGATION 


"300 GHZ 


POINT TO POINT MICROWAVE— 
SATELLITE, RADIO NAVIGATION, 
SPACE RESEARCH, BROADCAST, ETC. 


AIR NAVIGATION MOBILE ~~ LAND MOBILE AIR 
GOVERNMENT LAND MOBILE NAVIGATION 


DT] INTERNATIONAL SHORT- == GOVERNMENT AND 
AMATEUR | | WAVE BROADCAST NON-GOVERNMENT SHARED 


Fig. 19-4. Frequency spectrum assignments. 


TEKTRONIX 


Waves are also grouped according to frequency, Fig. REVIEW QUESTIONS FOR SECTION 19.1 


19-5. Note the location of some services. AM broad- 


cast stations use the MF range. Television uses the VHF . Draw a basic communication model. Explain 
and UHF ranges. A stereo operates in the audio fre- each function. 

quency range. Electricity for the home is 60 Hz. It . Why are transmitted electromagnetic signals 
operates at the audio frequency. controlled by the FCC? 


. Audio frequencies are in the human hearing 
range and lie between __________. Hz and 
Hz. 


. The following popular broadcast bands lie 


FREQUENCY 


BO. 008 He WIENS PRESET where in the frequency spectrum assi 
Below 30 kHz VLF Very Low Frequency ; Kl el y Sp assigned to 
30-300 kHz LF Low Frequency telecommunications: 


MF Medium Frequency 
HF High Frequency 
VHF Very High 
Frequency 
UFH Ultra High 
Frequency 


. AM. 

TCR 

. TV channels 2 through 4. 
. TV channels 5 through 6. 
. TV channels 7 through 13. 


Fig. 19-5. Study this chart of frequency ranges. Can you name . TV channels 14 through 83. 
one device that operates in each band? 


300-3000 kHz 
3000-30,000 kHz 
30,000 kHz— 300 MHz 


300-3000 MHz 
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19.2 RADIO TRANSMITTER 


Any of the oscillators we have discussed produce 
radio frequency waves. If one was connected to an 
antenna system, it would send energy into the 
atmosphere. However, stronger signals are needed. 
Amplification will increase the amplitude of the 
oscillator wave so that it will drive a final power 
amplifier. 

A block diagram of a simple continuous wave (CW) 
transmitter is shown in Fig. 19-6. The first block is the 
conventional crystal oscillator and then the final power 
amplifier. A power supply is provided for the oscillator 
and the final power amplifier. 

The oscillator creates an ac sine wave at a desired 
frequency. This signal is called the CARRIER WAVE. 
The carrier wave is then amplified by the rf power 
amplifier to the desired output wattage. A power supply 
is required to provide the voltages and current needed 
to work the oscillator and the rf power amplifier. The 
output is then fed to an antenna. From there the energy 
is sent into the air as electromagnetic waves. 

A CW transmitter sends energy that has no message. 
At the destination, the signal is picked up. This is the 
sign that energy has been sent out from the CW 
transmitter antenna. Therefore, a CW transmitter has 
only two states, on or off. 

How can this type of transmitter be used? By add- 
ing a switch, the transmitter can be turned on and off 
following a code. For example, such a transmitter could 
be used to send Morse code messages, Fig. 19-7. 

The basic switched or keyed CW transmitter can be 
improved. Place a buffer amplifier between the 
oscillator and the rf amplifier. The buffer amplifier 
isolates the oscillator from the rf amplifier. It keeps 
it from shifting off frequency. It also provides some 
amplification to the carrier wave. 


ANTENNA 


(y) 


OSCILLATOR AMPLIFIER 


(RF) 


POWER 
SUPPLY 


Fig. 19-6. Block diagram representing various stages of basic 
continuous wave radio transmitter. 


Many CW transmitters use frequency multipliers to 
increase the frequency produced by the basic oscillator. 
These circuits multiply the carrier wave by two 
(doubler) or three (tripler). These circuits work based 
on the principle of harmonics in the fundamental car- 
rier frequency created by the oscillator. A fundamen- 
tal frequency is the basic frequency produced by the 
oscillator. A harmonic frequency is a multiple of the 
fundamental frequency. 


MICROPHONES 


How is a sound wave converted to an electrical wave? 
Your vocal cords send vibrations in the air. These waves 
move out to all persons within hearing range. A 
MICROPHONE will convert these sound waves to 
electrical audio waves of the same frequency and 
relative amplitude. Fig. 19-8 shows a microphone built 
into a video camera. 

Microphones are sometimes called transducers. This 
is because they transform one form of energy (air or 
mechanical) to electrical energy. 

A CARBON MICROPHONE is shown in Fig. 19-9. 
Granules of carbon are packed in a small container. 
Electrical connections are made to each side. A 
transformer and a small battery are joined in series with 
the carbon. A diaphragm is attached to one side of the 
container. This diaphragm is called a BUTTON. Sound 
waves strike the diaphragm and cause the carbon 
granules to be compressed or pushed together. This 
varies the resistance of the carbon. Varying resistance 
causes a varying current to flow through the carbon 
button and the transformer primary. The output is a 
current which varies at the same frequency as the sound 
waves acting on the diaphragm. 


SWITCH OR 
TELEGRAPH 
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POWER 
SUPPLY 


Fig. 19-7. Continuous wave transmitter with telegraph key. 
Note break in RF waveform indicating an open switch at that 
point. 
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SONY ELECTRONICS CORP. 


Fig. 19-8. This video camera is equipped with a stereo microphone. 
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In a carbon microphone, sound waves change the 
resistance of the circuit. 


OUTPUT 


Fig. 19-9. 


The carbon microphone is a very sensitive device. 
It has a frequency response up to about 4000 Hz. This 
is useful for voice communication, but not for 
reproduction of music. It provides a good response for 
its intended frequencies. It is nondirectional. This 
means it will pick up sound from all directions. 

A second type of microphone uses the piezoelectric 
effect of certain crystals. It is called a CRYSTAL 
MICROPHONE. When sound waves strike a 
diaphragm, mechanical pressure is transferred to the 
crystal. The flexing or bending of the crystal creates 
a small voltage between its surfaces. This voltage is the 
same frequency and relative amplitude as the sound 
wave. 

Crystal microphones have a frequency response up 
to 10,000 Hz. They are sensitive to shock and vibra- 
tion. They should be handled with care, Fig. 19-10. 

A DYNAMIC MICROPHONE, or moving coil 
microphone, is sketched in Fig. 19-11. As sound waves 
strike the diaphragm, they cause the voice coil to move 
in and out. The voice coil is surrounded by a fixed 
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Fig. 19-10. Mechanical pressure produced electrical energy. 
The crystal microphone takes advantage of piezoelectric effect. 
WAVES 


iS 


Fig. 19-11. Dynamic microphone. Electrical audio waves are 
produced by a coil moving in a magnetic field. 
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magnetic field. When the coil moves, a voltage is 
induced in the coil (Faraday’s discovery). This induced 
voltage causes current to flow at a frequency and 
amplitude similar to the sound wave causing the 
motion. It has a frequency response up to 9000 Hz. 
It is directional. It requires no outside voltage for 
operation. 
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A high quality microphone, called a VELOCITY 
MICROPHONE, is made by suspending a corrugated 
ribbon of metal in a magnetic field. Sound waves direct- 
ly striking the ribbon cause the ribbon to vibrate. As 
the ribbon cuts the magnetic field, a voltage is induced. 
Proper connections at the ends of the ribbon bring the 
voltage out to terminals. This voltage varies according 
to the frequency and amplitude of the incoming sound 
waves. 

The velocity microphone is a somewhat delicate 
microphone and has a response above 12,000 Hz. When 
using this microphone, the speaker must speak across 
its face or stand about 18 inches away. Otherwise, a 
“booming” effect is created. 


MODULATION 


When you turn on the radio or TV, you expect to 
hear music and the voices you understand. The signals 
of the CW transmitter mean nothing to the average per- 
son. To make an understandable message, an audio 
wave is combined or superimposed on a carrier wave. 
This is called MODULATION. Sound waves are con- 
verted into electrical waves, amplified, and then com- 
bined with the radio wave. 

In one modulation method used in commercial 
broadcasting, the radio wave amplitude is made to vary 
at an audio frequency rate. This is AMPLITUDE 
MODULATION or AM. In a second method, the 
radio wave frequency is made to vary at an audio 
frequency rate. This is called FREQUENCY 
MODULATION or FM. See Fig. 19-12. 


CARRIER 


O 


Fig. 19-12. Carrier waves and resulting modulated waves. 
A—Amplitude modulation, or AM. B—Frequency modulation, 
or FM. 
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REVIEW QUESTIONS FOR SECTION 19.2 


. An ac sine wave created at a desired frequency 
is called : 
a. Audio wave. 
b. Carrier wave. 
c. Modulated wave. 
d. None of the above. 


. A CW transmitter signal has a message. True 
or False? 

. What is a fundamental frequency? What is a 
harmonic frequency? 

. Sketch a carbon microphone. 

. Define amplitude modulation and frequency 
modulation. 


19.3 AMPLITUDE MODULATION (AM) 


Modulation is a process in which an audio wave is 
combined or superimposed on a carrier wave. Assume 
a radio transmitter is operating on a frequency of 1000 
kHz. A musical tone of 1000 Hz is to be used for 
modulation. Refer to Fig. 19-13. Using a modulation 
circuit, the amplitude of the carrier wave is made to 
vary at the audio signal rate. 

Let us look at this process another way. Mixing a 
1000 Hz wave with a 1000 kHz wave produces a sum 
wave and difference wave, which are ALSO IN THE 
RADIO FREQUENCY RANGE. These two waves will 
be 1001 kHz and 999 kHz. These are known as SIDE- 
BAND FREQUENCIES. The UPPER SIDEBAND is 
the higher number. The LOWER SIDEBAND is the 
lower number, Fig. 19-14. 

The sum of the carrier wave and its sidebands is an 
amplitude modulation wave. The audio tone is present 
in both sidebands, as either sideband results from 
modulating a 1000 kHz signal with a 1000 Hz tone. 


CW 


AMPLITUDE MODULATED 
SIGNAL 


AUDIO 


Fig. 19-13. A CW wave, an audio wave, and the resulting 
amplitude modulated wave. 


Radio Wave Transmission 


UU 


1001 kHz, USB 


1000 kHz 


MA 


1000 Hz 


999 kHz, LSB 


MODULATED 
WAVE 


Fig. 19-14. Wave showing formation of sidebands and modulation envelope. 


The location of the waves on a frequency base are 
shown in Fig. 19-15. If a 2000 Hz tone was used for 
modulation, then sidebands would appear at 998 kHz 
and 1002 kHz. In order to transmit a 5000 Hz tone 
of a violin using AM, sidebands of 995 kHz and 1005 
kHz would be required. The frequency band width will 
be 10 kHz to transmit a 5000 Hz musical tone. 

There is not enough space in the spectrum for all 
broadcasters to transmit. And, if all broadcasts con- 
tained the same message or operated on the same fre- 
quency, the effect would be confusing. Therefore, the 
BROADCAST BAND for AM radio extends from 535 
kHz to 1605 kHz. It is divided into 106 channels, each 
10 kHz wide. 

A station is licensed to operate at a frequency in one 
of these channels. The channels are spaced far enough 
from each other to prevent interference. 

In order to improve the fidelity and quality of music 
within these limitations, a VESTIGIAL SIDEBAND 
FILTER is used. It removes a large portion of one side- 
band. Recall that both sidebands contain the same in- 
formation. By this means, frequencies higher than 5 
kHz can be used for modulation. The fidelity is 
improved. 
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Fig. 19-15. Carrier and sideband locations for modulation tone 


of 1 kHz and 2 kHz. 


MODULATION PATTERNS 


A radio transmitter is not permitted by law to exceed 
100 percent modulation. This means that the modula- 
tion signal can not cause the carrier signal to vary over 
100 percent of its unmodulated value. Look at the pat- 
terns in Fig. 19-16. Notice the amplitude of the 
modulated waves. 

The 100 percent modulation wave variation is from 
zero to two times the peak value of the carrier wave. 
Overmodulation is caused when modulation increases 
the carrier wave to over two times its peak value. At 
negative peaks the waves cancel each other and leave 
a straight line of zero value. Overmodulation causes 
distortion and interference called SPLATTER. 


ww A 


ZERO MODULATION | f i | 
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OVERMODULATION 


Fig. 19-16. Patterns for O, 100, and 50 percent of modula- 
tion and for overmodulation. 
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Percent of modulation may be computed using the 
following formula: 
Emin 


% MODULATION = See 


ec 


x 100 


€max is the maximum amplitude of modulated 
wave. €min is the minimum amplitude of modulated 
wave. €, is the amplitude of unmodulated wave. 


SIDEBAND POWER 


The dc input power to the final amplifier of a 
transmitter is the product of voltage and current. To 
find the power required by a modulator, this formula 
may be used: 


m*Pdc 


Paudio = 2 


where Paudio is the power of the modulator, m is the 
percentage of modulation (expressed as decimal), and 
Pa. is the input power to the final amplifier. 

PROBLEM. What power is required to modulate 
a transmitter having a dc power input of 500 watts to 
100 percent? 


1)? 500 watts 
2 


Paudio = = 250 watts 
This represents a total input power of 750 watts. Notice 
what happens under 50 percent modulation. 


(5)? 500 watts 
Paudio = 2 = Watts = 62.5 watts 


And the total input power is only 562.5 watts. 

Where the modulation percentage is reduced to 50 
percent, the power is reduced to 25 percent. This is a 
severe drop in powexthat decreases the broadcasting 
range of the transmitter\Jt is wise to maintain transmit- 
ter modulation as close\to, but not exceeding, 100 
percent. \ 

You may wish to know why the term INPUT 
POWER has been used. That is because any final 
amplifier is far from 100 percent efficient. 


Pout 


in 


% EFF = x 100 

If a power amplifier had a 60 percent efficiency and 
a Pac input of 500 watts, its output power would 
approach: 


Pout = EFF x Pin .6 x 500 = 300 watts 


Ham radio stations are limited by law to 1000 watts 
input power. Their output power is even less. One key 
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duty of transmitter engineers is to check transmitter 
input power at the intervals set by law. 

A transmitter has 100 percent modulation and power 
of 750 watts. 500 watts of this power is in the carrier 
wave and 250 watts is added to produce the sidebands. 
Therefore, there are 125 watts of power in each side- 
band or one-sixth of the total power in each sideband. 
Recall that each sideband contains the same informa- 
tion and each is a radio frequency wave which will 
radiate as well as the carrier wave. So why waste all 
this power? 

In single sideband transmission, this power is saved. 
The carrier and one sideband are suppressed. Only one 
sideband is radiated. At the receiver end the carrier is 
put back in. The difference signal (the audio signal) 
is then detected and reproduced. 

We will not cover the methods of sideband transmis- 
sion and reception. But, you may wish to study this 
communication system on your own. 


TRANSISTORIZED TRANSMITTERS 


The vacuum tube is no longer key as a power 
amplifier for transmitters. In recent years, transistors 
have been developed that can handle large power needs. 
Transistors can be found in audio circuits, oscillators, 
and intermediate power amplifiers. See Fig. 19-17. 

A hand-held scanner is shown in Fig. 19-18. It is used 
to pick up radio signals in the citizens band frequen- 
cies. Both transistors and ICs are used to receive and 
transmit. The scanner also contains a rechargeable 
battery and charger. 

A table model citizens band radio is shown in Fig. 
19-19. The citizens band frequencies assigned by the 
FCC are shown in Fig. 19-20. 
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Fig. 19-17. Block diagram of a simple transistorized 
transmitter. 


REVIEW QUESTIONS FOR SECTION 19.3 


. Define modulation. 

. The sum of the carrier wave and its sidebands 
results in the wave: 

. A carrier wave has a peak value of 500 volts. A 


modulating signal causes amplitude variation 
from 250 volts to 750 volts. What is the percent 
of modulation? 

. Draw an amplitude modulated wave that has 50 
percent modulation. 


19.4 FREQUENCY MODULATION (FM) 


erates Recall that in frequency modulation, the radio wave 

Fame ee Orchannelhand: held Scanner: frequency is made to vary at the audio frequency rate. 
FM radio is a popular method of electronic com- 
munication. Frequency modulation allows a high audio 
sound to be transmitted while still remaining within 
the space legally assigned to the broadcast station. Also, 
FM transmits dual channels of sound (stereo) by 
multiplex systems. The FM band is from 88 MHz to 
108 MHz. A block diagram of a FM transmitter is 
shown in Fig. 19-21. gpa 

FM uses a constant amplitude continuous wave 
signal. The frequency of this wave is varied at an audio 
rate, Fig. 19-22. 

a Each station is assigned a CENTER FREQUENCY 
COBRA DIV. OF DYNASCAN CORP. in the FM band (92.1 to 107.9 MHz). This is the fre- 
Fig. 19-19. Citizens band radio base station. quency to which a radio is tuned, Fig. 19-23. 


40 CHANNEL CB OPERATION (TRANSMIT) 


vco TX PLL MIXER vco TX PLL MIXER 
CHANNEL | OUTPUT OSCILLATOR OUTPUT CHANNEL ¡ OUTPUT OSCILLATOR OUTPUT 
NO. MHz MHz MHz i MHz MHz MHz 


OONOAARWHY = 


Fig. 19-20. Table lists current 40 channels available for CB use. 
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TO ANTENNA 


(| MICROPHONE 


Fig. 19-21. The block diagram of a simplified FM transmitter. 


The amount of frequency variation from each side 
of the center frequency is called the FREQUENCY 
DEVIATION. It is set by the amplitude or strength 
of the audio modulating wave. 

In Fig. 19-23, a weak audio signal causes the fre- 
quency of the carrier wave to vary between 100.01 MHz 
and 99.99 MHz. The deviation is + 10 kHz. In the 
second example a stronger audio signal causes a fre- 
quency swing between 100.05 MHz and 99.95 MHz or 
a deviation of + 50 kHz. The stronger the modula- 
tion signal, the greater the frequency departure and the 
more the band is filled. 

The RATE of frequency deviation depends on the 
FREQUENCY of the AUDIO MODULATING 


UM WAM 


CONSTANT AMPLITUDE CONSTANT AMPLITUDE 
FIXED FREQUENCY FREQUENCY MODULATED 


Fig. 19-22. For FM, the frequency of the wave is varied at 
an audio rate. 


HIGHEST FREQUENCY LOWEST FREQUENCY 
100.01 MHz 99.99 MHz 


FM WAVE 


CENTER FREQUENCY 
100 MHz 


A 


SIGNAL. See Fig. 19-24. 

If the audio signal is 1000 Hz, the carrier wave goes 
through its greatest deviation 1000 times per second. 
If the audio signal is 100 Hz, the frequency changes 
at a rate of 100 times per second. Notice that the 
modulating frequency does not change the amplitude 
of the carrier wave. 

An FM signal forms sidebands. The number of 
sidebands produced depends on the frequency and 
amplitude of the modulating signal. Each sideband is 
separated from the center frequency by the amount of 
the frequency of the modulating signal, Fig. 19-25. 

The power of the carrier frequency is reduced a great 
deal by the formation of sidebands, which take power 
from the carrier. The amount of power taken from the 
carrier depends on the maximum deviation and the 
modulating frequency. 

Although a station is assigned a center frequency and 
stays within its maximum deviation, the formation of 
sidebands determines the bandwidth required for 
transmission. In FM, the bandwidth is specified by the 
frequency range between the upper and lower signifi- 
cant sidebands. A SIGNIFICANT SIDEBAND has an 
amplitude of one percent or more of the unmodulated 
carrier. 
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Fig. 19-23. The amplitude of the modulating signal determines the frequency swing from center frequency. A— 
Weak audio signal. B—Strong audio signal. 
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Fig. 19-24. The rate of frequency variation depends on the frequency of the audio modulating signal. 
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Fig. 19-25. Sidebands generated by a 10 kHz modulating 
signal on a 100 MHz carrier wave. 


NARROW BAND FM 


Maximum deviation of a carrier wave can be limited 
so that the FM wave occupies the same space as an AM 
wave carrying the same message. This is called NAR- 
ROW BAND FM. Some distortion occurs in the 
received signal. This is satisfactory for voice com- 
munication but not for high fidelity music. 


MODULATION INDEX 


Modulation index is the relationship between the 
MAXIMUM CARRIER DEVIATION and the MAX- 
IMUM MODULATING FREQUENCY: 


Maximum carrier deviation 
Maximum modulating frequency 


Using this index, the number of significant sidebands 
and the bandwidth of the FM signal can be figured. 
The complete index may be found in more advanced 
texts. Examples of the use of the modulation index are 
given in Fig. 19-26. 

If the amplitude of a modulating signal causes a max- 
imum deviation of 10 kHz and the frequency of the 


modulating signal was 1000 Hz, the index would be: 


10,000 _ 
M Index = 1000 ~ 10 


The FM signal would have 14 significant sidebands and 
occupy a bandwidth of 28 kHz. 


PERCENT OF MODULATION 
The percent of modulation has been randomly set 
at a maximum deviation of + 75 kHz for FM radio. 


The FM sound transmission in television is limited to 
+ 25 kHz. 


MODULATION NUMBER BANDWIDTH 
INDEX OF SIDEBANDS 


Fig. 19-26. Examples of modulation index use. F is the 
modulating frequency. 
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REVIEW QUESTIONS FOR SECTION 19.4 


. The frequency is the frequency to 
which a radio is tuned. 

. Define frequency deviation. 

. On what does the rate of frequency deviation 


depend? 
. A has an amplitude of at 
least one percent of the unmodulated carrier. 
. How is the modulation index for FM found? 


19.5 THE RADIO WAVE 


Think of a wave moving through space as a wave 
rolling toward the beach. Throw a stone into water. 
From the point where the stone entered the water,small 
waves move outward, in circular patterns. The stone 
creates a disturbance, setting the wave in motion. As 
the wave moves away from the center (where the stone 
was dropped) the amplitude of the wave decreases. 

Does the water move along as the wave? No. The 
water moves UP to a crest and DOWN in a hollow or 
trough as the wave passes. The water has acted as the 
medium for transmitting the wave. 

Scientists know that radio waves travel through space 
at a speed of 186,000 miles per second (300,000,000 
meters per second), or the speed of light. This is the 
velocity of a radio wave. 

Refer to Fig. 19-27. The first radio wave has a fre- 
quency of one cycle per second (1 Hz). Starting at point 
A, the wave will move 186,000 miles by the time it 
reaches point B. In the second wave, the frequency of 
the wave is 1000 Hz. The wave will move 186 miles 
by the time it reaches point B. In the third wave, the 
frequency is increased to 1,000,000 Hz, or 1 megahertz. 
The wave will move only .186 miles by the time it 
reaches point B. 

A wave can be described not only by its frequency, 
then, but also by its length, Fig. 19-28. The distance 
between the crests of the waves is the WAVELENGTH. 
As the frequency increases, the wavelength decreases. 
The Greek letter \ (lambda) stands for wavelength. The 
mathematical relationship may be stated as: 


_ velocity 
-~ frequency (in Hz) 


186,000 


A (in miles) = F 


and, 


= 186,000 
A (in miles) 
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186 MILES 


AAA 


1,000,000 Hz 


Fig. 19-27. A comparison of the distances traveled in 1 Hz, 
1000 Hz, and 1,000,000 Hz waves. 


== 


WAVELENGTH 


Fig. 19-28. Radio waves are identified by their length and their 
frequency. X equals one wave. 


When using metric measurements, the formula is: 


300,000,000 


A (in meters) = A 


and 


E 300,000,000 
A (in meters) 
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EXAMPLE 1. An amateur radio transmits on a fre- 


quency of 3.9 MHz. What is the wavelength of the 
radiated waves? 


„ = 186,000 
3.9 MHz 


3.9 MHz is converted to 3,900,000 Hz. 
a = 186,000 _ 186 _ 
3,900,000 — 3900 


Observe how the math is simplified by using powers 
of ten. 
0.186 


_ 1.86 x 10% 1.86 x 1071 | = 
3.9 x 108 ` 3.9 = y + ks 


EXAMPLE 2. What is the frequency of a transmit- 
ter Operating on 40 meters? 


+ 3 08 
4x10 


A more useful form of this formula is available. Since 
the foot is the common unit of measure and radio fre- 
quencies are usually in megahertz: 


984 
f (in MHz) 


.05 miles 


A 


f = .75 x 10’ = 7,500,000 Hz = 7.5 MHz 


à (in feet) = 


Memorize this formula. It is used a great deal in the 
design of special frequency antennas. 


RADIO WAVE TRAVEL 


In the study of electromagnetism, we learned that 
a conductor carrying an electric current is surrounded 
by a magnetic field. In an alternating current, the 
magnetic field expands, collapses, and changes polarity 
from time to time. Some of these magnetic lines of 
force also lose the influence of the conductor and travel 
into space. These radiated electromagnetic waves are 
perpendicular to the direction in which they travel. 

Along with any electromagnetic field is an elec- 
trostatic field. It is perpendicular to the electromagnetic 
field. It is also perpendicular to the direction of radia- 
tion or travel. As a result, a radio wave is made up 
of electromagnetic and electrostatic fields. See Fig. 
19-29. The position these waves radiate in respect to 
the earth is called POLARIZATION. In Fig. 19-30 the 
waves are radiated from a vertical antenna. Note that 
the electrostatic or E waves are in the same plane as 
the antenna yet perpendicular to direction of travel. 
The vertically polarized waves are perpendicular to the 
surface of the earth. 

In Fig. 19-31, the wave is radiated from a horizon- 
tal antenna. It is still perpendicular to the direction of 
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Fig. 19-29. The relationship between electrostatic and elec- 
tromagnetic waves. They are perpendicular to each other and 
both are perpendicular to the direction of travel. 
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Fig. 19-30. A vertical antenna radiates a vertically polarized 
wave. 
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Fig. 19-31. A horizontal antenna radiates a horizontally 
polarized wave. 


travel, but is parallel to the surface of the earth. 
Generally speaking, the antenna which receives these 
waves should be positioned in the same way as the 
transmitting antenna. At high frequencies the polariza- 
tion changes to some extent as the wave moves. 

Does all this mean the transmitting antenna radiates 
two waves? The answer is found in the fact that without 
one there cannot be the other. A moving electrostatic 
field produces a moving electromagnetic field. A mov- 
ing electromagnetic field produces a moving elec- 
trostatic field. These conditions are true whether an 
actual conductor is present or not. 
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GROUND WAVES 


The radiated waves from an antenna may be divided 
into two groups. These are ground waves and sky 
waves. 

A GROUND WAVE follows the surface of the earth 
to the radio receiver. The ground wave has three parts: 
1. The surface wave. 

2. The direct wave which follows a direct path from 
the transmitter to the receiver. 

3. The ground reflected wave which strikes the 
ground and is then reflected to the receiver. 

The last two waves are combined and called a 
SPACE wave. The waves that make up the space wave 
may or may not arrive at the receiver in proper order. 
They may join together or cancel each other, depend- 
ing on distances traveled by each wave. 

Broadcast stations depend on the surface wave for 
reliable communications. As the wave travels along the 
surface of the earth, it will induce currents in the earth’s 
surface. These currents use up the energy contained 
in the wave. The wave becomes weaker as the distance 
it travels increases. 

An interesting sidelight is that salt water conducts 
surface waves about 5000 times better than the earth. 
Overseas communication is very reliable when transmit- 
ters are near the coastline. These stations use high 
power and operate at lower frequencies than the nor- 
mal broadcast band. 
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Fig. 19-32. Sky waves bounce off the ionosphere and move 
back to the earth’s surface. 
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SKY WAVES 


The second type of radiated wave is a SKY WAVE. 
Sky waves use the ionized layer of the earth’s 
atmosphere for transmission. This layer is called the 
IONOSPHERE. It is located from 40 to 300 miles 
above the earth’s surface. It is believed to consist of 
large numbers of positive and negative ions. As the sky 
wave radiates, it strikes the ionosphere. Some of the 
wave may be absorbed into the ionosphere. But some 
will bounce off the layer and be sent back to the earth’s 
surface. See Fig. 19-32. 


REVIEW QUESTIONS FOR SECTION 19.5 


1. Transmitted radio waves travel at: 
a. 186,000 miles per second. 
b. 300,000,000 meters per second. 
c. The speed of light. 
d. All of the above. 
. The wavelength for a 93 megahertz signal is 
meters. 
. What is polarization? 
. Name the three parts of a ground wave. 
. A space wave is a combination of what waves? 
. Sky waves use the for transmission. 


19.6 AM TRANSMITTER PROJECT 


In this project, you will make a working AM 
transmitter. Using it, you will be able to hear yourself 
over the radio. 

The rf carrier range is 550— 1500 kHz with an out- 
put power of less than 100 milliwatts. Transmitting 
distance will depend on the environment. However, this 
distance should be less than 100 feet. Any AM receiver 
can be used to pick up the transmitted signal. A block 
diagram of the transmitter is shown in Fig. 19-33. 

The circuit used in this AM transmitter was provided 
by Graymark Enterprises, P.O. Box 54343, Los 
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Fig. 19-33. Block diagram of AM transmitter. 
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Angeles, California, 90054. It may be purchased as the 

Graymark Model 533 AM Transmitter, Fig. 19-34. 
See Fig. 19-35 for parts list. The test conditions for 

the initial operation of the transmitter are: 

1. R, set at position “1.” 

2. Cro set at position “15” (full CW). 


3. Antenna not extended. 

4. Mike removed. 

5. Power source 9.0 V dc. 

6. All readings taken with 11 megohm TVM meter, 
negative lead connected to common ground (—). 

7. Tolerance of all readings: + 20%. 
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Fig. 19-34. Left. Completed AM transmitter. Right. Schematic for AM transmitter. 


SYMBOL| PART NO. DESCRIPTION 


Resistor, 4.7KQ, Y-W, 10% 
Resistor, 470K, Ya-W, 10% 
I| Re | 61413 | Resistor, 39KO VW, 10% | 
A] Ro | 61418 | Resistor, 33KO, VW, 10% | 
PT [Riz | 62392 | Resistor, 100, nW 10% | 


1 
2 |C01,C4 62393 | Capacitor, electrolytic, 
3314F, 16 wv 


2 | C2, C5 62394 | Capacitor, disc 
pF, 50 wv ("0104") 
1 62365 | Capacitor, disc 
.00474F, 50 wv ("472") 
1 


C3 
C6 62364 | Capacitar, disc, 
.01uF, 50 wv ("0103") 
C7 61528 | Capacitor, electrolytic, 
4.7uF, 16 wv 
2 | C8, C9 62395 | Capacitor, disc, 
047 uF, 50 wv ("473") 
1 C10 62407 | Capacitor, variable 
(tuning), 266pF 


2 (C11, C12] 62397 | Capacitor, disc, 
22pF, 50wv ("22") 


1 C13 62398 | Capacitor, disc, 
220pF, 50wv ("221") 
L1, L2 | 62399 | Coil, oscillator type l 
Q1-04 61533 | Transistor, NPN silicon, 
28C0372-Y 


> [62400 | Microphone, crystal lapel 


[eet anena eeso 
1 Ja 62402 | Jack, microphone, 
MID E: 
0203 [Battery clip, Tor Sol battery 
[F620 [Antenna bracket, steer 
af E [Knob Back O E 
| 4{ | 61433 | Rubber foot, blac 
1[ [| 62408 | Rubber grommet, blac 


4 MS1 61267 | Machine screw, large dla., 
slot head (3x5mm) 
MS2 61061 | Machine screw, small dia., 
slot head (2.6x4 mm) 
MS3 62344 | Machine screw, small dia., 
phillips head (2.6x6mm) 
61264 | Self-tapping screw 
62410 | Washer, shoulder, plastic 
61258 | Washer, flat, fiber 


AT [Soler tg 
35[ | 61357 | Soldering pin 


62413 | Hookup wire set, stranded, 
1-red, 1-yellow 
61174 | Bare wire (Duswire), 
single strand, #22 
62414 | Solder, rosin core, 60/40 


62388 | Printed circuit board 
62416 | Chassis, w/battery holder 


62417 | Cover, aluminum 


62422 | Breadboard panel, with schematic 


| — | Warranty card 


61943 | Instruction manual 


1 se 
1 
1 
1 
1 


GRAYMARK 


Fig. 19-35. Parts list for AM transmitter. 


319 


6. 


soll 


10. 


11. 


Electricity and Electronics 


SUMMARY 


. The basic communications process can be shown 


as a block diagram. Parts include source, transmit- 
ter, receiver, and destination. Noise and feedback 
are also part of this process. 

The radio spectrum chart shows the frequency 
assigned to certain communications services. 
Assignments are made by the FCC. 

Basic transmitters include continuous wave, 
modulated continuous wave, amplitude modula- 
tion, and frequency modulation. 


. Some basic types of microphones are the carbon, 


dynamic, crystal, and velocity. 


. Modulation is the process of adding or superim- 


posing audio waves to carrier waves. 
Modulation percentages refer to the amount a car- 
rier wave has been varied or modulated. 

FM modulation index is the relationship between 
maximum carrier deviation and maximum 
modulating frequency. 

Radio waves travel at the speed of light (186,000 
miles or 300,000,000 meters per second). 

Two types of transmitted waves are ground waves 
and sky waves. 

Ground waves follow the surface of the earth while 
sky waves are radiated into space. 

The ionosphere is a layer of charged particles 
40—300 miles above the earth’s surface. 


TEST YOUR KNOWLEDGE, Chapter 19 


Please do not write in the text. Place your answers on 


a separate sheet of paper. 


1. 
2 


Name the three basic parts of all communication. 
is a sign that a message has been 
received. 
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11. 


ep 


. Noise: 


a. Is a break in the intended signal. 

b. Distorts the message. 

c. Enters the communication process during 
transmission. 

d. All of the above. 

The signal created by an oscillator is a — Be EN 

wave. 


. What is the purpose of a microphone? 


is a process in which an audio wave 
is superimposed on a carrier wave. 
results from the mixing 


of two waves. 


. What is the formula for computing percent of 


modulation? 

What power is required to modulate a transmit- 
ter having a de input of 250 watts to 50 percent? 
The amplitude of a modulating signal has a max- 
imum deviation of 15 kHz and a frequency of 1500 
Hz. What is the modulating index? 

What is the wavelength (in meters) of a signal with 
a 1200 kHz frequency? 

Make a sketch showing the direction of travel of 
a wave transmitted from a horizontal antenna. 


FOR DISCUSSION 


. Are the waves radiated to your TV antenna horizon- 


tally or vertically polarized? 
Explain the basic block diagram of a transmitter. 


. Discuss the operation of the following microphones: 


a. Carbon microphone. 
b. Dynamic microphone. 
c. Crystal microphone. 


. What is the primary difference between AM and 


FM? 


. Discuss two basic methods of FM detection. 


Radio Wave Transmission 


LATTICE SEMICONDUCTOR CORP. 

Leads are kept short in digital devices to prevent the 

radiation of electromagnetic waves to the outside 

world. The radiated power must be kept below 0.001 

mW. The longest lead on this 64K static RAM is O.1 
cm. 


21 cm 


GROUND +———_ COAXIAL CABLE SHIELD 


PLANE 


COAXIAL CABLE 
CENTER LEAD 


A J-type antenna for transmitting and receiving. The J anten- 

na is used for frequencies above 400 MHz. The magnetic field 

B is always at right angles to the plane of the J. The electric 

field E is strongest in the vertical direction and weakest in the 
horizontal direction. 
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MARANTZ 


The transducer is the final stage of a radio receiver. A speaker 
is a type of transducer. It changes electrical energy to sound 
energy. 


Early radio receivers used circuits tuned to the frequency of the signal be- 
ing sent. This usually required tuning three or four tank circuits at once, which 
was not easy to do and made radio reception into hard work. When the 
superheterodyne principle was used, the radio became simple enough for 
anyone to use. When learning about radio receivers, it is important to pay 
special attention to the terms “local oscillator’’ and ‘‘intermediate frequen- 
cy (1F).”* These are important terms from the superheterodyne circuit. 
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After studying this chapter, you will be able to: 

™ Discuss the history of radio wave receivers. 

™ List the components and explain the operation of 
an AM receiver. 

E List the components and explain the operation of 
a superheterodyne receiver. 

EE Describe the use of transducers in radio wave 
receivers. 

® List the components and explain the operation of 
an FM receiver. 


One of the greatest inventions of all time is the radio. 
Like many other inventions, the radio resulted from 
the work of many scientists. In 1864, James Maxwell 
theorized that electromagnetic waves existed. In 1887, 
Heinrich Rudolph Hertz confirmed this theory when 
he transmitted and received the first radio waves. The 


Chapter 20 
RADIO WAVE RECEIVERS 


first continuous wave (CW) transmitter was developed 
in 1897 by Guglielmo Marconi. 

Two key devices that furthered the development of 
the radio were the diode and the audion triode amplifier 
tube. The diode was invented in 1904 by Alexander 
Fleming. The amplifier tube was developed in 1904 by 
Lee DeForest. Í 

A key scientist in radio history was E.H. Armstrong. 
He invented the regenerative radio circuit in 1913 and 
the superheterodyne radio circuit in 1920. Major Arm- 
strong is also credited with the development of much 
of the FM radio theory. 

In Chapter 19, a basic communication model show- 
ing the relationship between the transmitter and receiver 
was discussed. This model is shown again in Fig. 20-1. 
In this chapter we will discuss the AM/FM radio 
receiver. 


| 
| 


PROCESS —__ + 4 — OUTPUT 


Fig. 20-1. Basic transmitter/receiver communication model. 
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20.1 AMPLITUDE MODULATED (AM) RECEIVER 


A radio wave transmitted through space also carries 
information, such as voices and music. This informa- 
tion has been combined with the carrier wave at the 
transmitter by the amplitude modulation process. 

These radiated electromagnetic waves cut across and 
induce a small voltage in the receiving antenna. The 
small radio frequency voltages are coupled to a tuned 
circuit in the receiver which selects the signal to be 
heard. After selection, the voltages may be amplified, 
then demodulated. DEMODULATION, or DETEC- 
TION, is the process of removing the audio portion 
of a signal from the carrier wave. It is a form of rec- 
tification. The audio signal is then amplified until it 
can drive a loudspeaker. 

A block diagram of this receiver is shown in Fig. 
20-2. The modulated RF wave is shown as it passes the 
antenna. The audio wave is shown as the output of the 
detector. The increase in amplitude between the blocks 
is the result of stages of amplification. This type of 
receiver was once quite popular. It was called the TRF 
or TUNED RADIO FREQUENCY receiver. 

For satisfactory operation of the circuit, each stage 
had to be tuned to the correct incoming frequency. 


DETECTOR 


Some early radios had a series of tuning dials on the 
front panel. Adjusting these to receive a signal required 
skill and patience. The development of the superhet- 
erodyne receiver overcame these obstacles. 


THE TUNING CIRCUIT 


One function of any radio receiver is selection of the 
desired radio signal. Details of the “tank circuit” and 
flywheel action were discussed in Chapter. 11. 

Fig. 20-3 shows a schematic of the first stage of the 
TRF receiver. Follow the signal of the antenna to the 
output of this circuit. 

Radio signals of many frequencies from many radio 
transmitters pass by the antenna. The induced voltage 
in the antenna causes small currents to alternate from 
antenna to ground and from ground to antenna 
through coil L4. Since L is closely coupled to L4, the 
magnetic field created by the antenna current in L, 
transfers energy to L2. The combination coils L, and 
Lz are called the ANTENNA COIL. They are wound 
on a common cylinder of cardboard, Fig. 20-4. 

Variable capacitor C, is connected across the terminals 
of Lz and forms a tank circuit. C, may be adjusted 
to vary the RESONANT frequency of the tank. When 


AF AMP 


EN 


Fig. 20-2. A block diagram of a TRF (tuned radio frequency) receiver. 


Fig. 20-3. The tuning or station selector section of the radio 
receiver. 


J.W. MILLER CO. 


Fig. 20-4. Typical antenna coil used with transistorized 
receivers. 
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ANTENNA 
RF AMPLIFIER CONVERTER IF AMPLIFIER y 
@ Cc (no aad TYPE VOL. 
2 low TYPE Ni N312N1638 VE ==! IN295 CONT. 


AUDIO 
DRIVER 


AUDIO OUTPUT 
AMPLIFIER 


Fig. 20-5. 


the resonant frequency of the tank circuit is the same 
as the incoming signal, high circulating currents develop 
in the tank. In other words, the tank circuit may be 
adjusted to give peak response for only a single 
frequency. 

The L2C, combination may cover only a certain 
range or band of frequencies. Most of our home radios 
cover only the broadcast band. For other groups of 
frequencies, such as shortwave, another coil is switched 
in place of L2. This coil changes the resonant frequency 
range of the circuit. This is called a BAND SWITCH- 
ING circuit. 

The ability of a radio receiver to select a single 
frequency, and only one frequency, is SELECTIVI- 
TY. The ability of a receiver to respond to weak in- 
coming signals is called SENSITIVITY. Both of these 
traits are useful and wanted. Special circuits and com- 
ponents have been devised to improve selectivity and 
sensitivity. 


PREDRIVER 


RCA TRANSISTOR, THYRISTOR, AND DIODE MANUAL, SC-15 
12 volt automobile radio receiver with RF amplifier. 


RF AMPLIFICATION 


The radio frequency (RF) amplifier is most often the 
first stage to receive the signal from the antenna. The 
RF amplifier, tuned to incoming signal’s frequency, 
amplifies the signal (provides gain). 

Generally, RF amplifiers are narrow band amplifiers 
that can amplify only the band or frequencies to be 
picked up by that receiver. An example is the RF 
amplifier in an AM broadcast band receiver. It can 
amplify frequencies from 550 to 1500 kHz. An RF 
amplifier improves the selectivity of a receiver. 

A common RF amplifier is shown in Fig. 20-5. The 
tuning circuit is made up of C, and L2 formed into 
a tank circuit. The tuned signal is fed into the second- 
ary winding of L2. The amplifier is the 2N1637 tran- 
sistor. Some less costly radio receivers do not have RF 
amplifier stages. However, high quality radio receivers 
will often have two or more RF amplifier stages. 
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DETECTION 


Assume that a modulated radio frequency signal has 
been amplified by several stages of RF amplification. 
It now has enough amplitude for detection. Recall that 
detection is a form of rectification. RF wave is 
removed, leaving only the AF wave. See Fig. 20-6. 

Detection is needed to recover the audio signal from 
the modulated RF carrier wave. 


THE DIODE DETECTOR 


One method of detection uses a diode as a unilateral 
(one direction) conductor. 

While the traits of the diode were discussed earlier, 
they are reviewed here. When the anode of the diode 
is driven positive, electrons flow through the diode 
from cathode to anode. The diode conducts. When the 
anode is driven negative, the diode does not conduct. 

Fig. 20-7 shows the basic diode detector. The 
amplified modulated signal is supplied to the detector 
by the previous amplifier stage. When the input signal 
is positive, the diode conducts. A voltage develops 
across the diode load resistor R:. 


1 tem SS 


A ii ooo AUDIO WAVE 


MODULATED RF DETECTED 
WAVE WAVE 
A B E 


Fig. 20-6. The appearance of waveforms as they are detected. 

A—The RF carrier within the modulation envelope. B— The red- 

tified RF wave. C—The audio wave when the RF wave has been 
removed. 


CATHODE 


When the incoming signal is negative, there is no cur- 
rent in the diode circuit. The diode has rectified the 
modulated RF signal into pulses, or waves, of de 
voltage. These waves have a frequency and amplitude 
of the audio wave. 

To understand half-wave rectification, look at the 
input and output wave forms in Fig. 20-8. The dotted 
curve in the output of the diode denotes the AVERAGE 
dc value of the rectified voltage. Raising the average 
dc output voltage will cause it to more closely reproduce 
the input signal. A filter capacitor of the correct value 
C,, is shunted across R;. This capacitor charges to the 
peak value of the signal. It also prevents the voltage 
across R, from dropping to zero when the diode is not 
conducting. 

The improved output waveform resulting from filter- 
ing is shown in Fig. 20-8. The time constant of RiC, 
should be long when compared to the RF cycle. This 
will deter C, from discharging to a low value. Likewise, 
this time constant should be short when compared to 
the AF cycle. Voltage variations across the RC; net- 
work will follow the audio frequency cycle. 


REVIEW QUESTIONS FOR SECTION 20.1 


. What is demodulation? 
2. Demodulation is a form of: 

a. Rectification. 
b. Detection. 
c. Amplification. 
d. None of the above. 

. What was the drawback of the TRF receiver? 

. The ability of a receiver to choose a single fre- 
quency, and only one frequency, is 

. The ability of a receiver to respond to En 
incoming signals is 


SA are narrow band amplifiers 
that can amplify only the band or frequencies 
picked up by that receiver. 


df Mat 
alas case 


DETECTED 
SHOWING 
AVERAGE VALVE 


MODULATED 
WAVE 


Fig. 20-7. The basic diode detector circuit. 


Fig. 20-8. The average value of the dc component is 
represented by the dotted line. The dc average is raised by 
adding the filter capacitor. 


326 


Radio Wave Receivers 


RF IF 


POWER 
SUPPLY 


Fig. 20-9. The block diagram of the superheterodyne receiver. 


20.2 THE SUPERHETERODYNE RECEIVER 


The superheterodyne circuit was developed in answer 
to the problems of the TRF receiver. HETERO- 
DYNING, or mixing of signals, converts all incoming 
signals to a single intermediate frequency. This signal 
can be amplified with little loss and distortion. 

See Fig. 20-9. The signal picked up by the antenna 
is fed first to a stage of radio frequency amplification 
(RF amp). The output of the RF amp is then fed to 
the MIXER or CONVERTER STAGE. The output of 
a LOCAL OSCILLATOR is also fed to the converter. 

When two signals are mixed together, four signals 
appear in the output. These will include the two original 
signals, the sum of the two signals, and the difference 
between the two signals. For example, a 1000 kHz 
signal is mixed with a 1455 kHz oscillator signal. 
Appearing in the output then will be the 1000 kHz 
original signal, the 1455 kHz original oscillator 
frequency, a 2455 kHz frequency sum, and a 455 kHz 
frequency difference. 

The BEAT frequency of 455 kHz is key to the study 
of the superheterodyne receiver. The station is selected 
using the tuning circuits of the receiver. Turning the 
tuning knob on the front panel varies the capacitance 
of the tuning circuit. Attached to the shaft of the tun- 
ing capacitor is another tuning capacitor. This adjusts 
the frequency of the local oscillator, Fig. 20-10. 

These capacitors operate in step with each other. 
They provide a change in oscillator frequency as the 
tuned frequency is changed. They always maintain a 
fixed difference or beat frequency of 455 kHz. This 
is called the INTERMEDIATE FREQUENCY, or IF. 
The IF output is then amplified by two stages of voltage 
amplification and fed to the DETECTOR. The detec- 
tor output is an audio frequency voltage. It is amplified 
enough to operate the power amplifier and speaker. 
The waveforms at each stage are shown in Fig. 20-9. 

An eight-transistor transistorized AM superhetero- 
dyne receiver is shown in Fig. 20-11. This circuit is part 
of the Graymark 536 AM transistor radio. Each part 
will be discussed in detail. 


- JAN. MILLER CO. 
Fig. 20-10. A double section tuning capacitor. 


MIXER 

The MIXER performs three functions, Fig. 20-12. 
Mixing is just one. This section of the radio converts 
the incoming signal to a new frequency, called the in- 
termediate frequency. This is done by mixing it with 
a signal produced by a local oscillator. At the same 
time, it provides amplification. 

The frequency converter, or mixer, is a nonlinear 
circuit. Signals are combined to produce the sum and 
the difference frequencies of the original signals. The 
properties of a mixer can be used to produce a signal 
of the correct frequency for the IF amplifier. A signal 
must be produced locally (within the receiver) by an 
oscillator. This signal and the signal of interest are 
mixed. The original two and the sum and difference 
appear at the output of the mixer. An example is shown 
in Fig. 20-13. 

Notice that the signals of many stations could be 
mixed to a new frequency. However, the IF amplifier 
will not amplify these because they are not within the 


` IF passband. 


The local oscillator is designed to be 455 kHz above 
the desired signal. The incoming signal must pass 
through a tuned antenna circuit to get to the mixer. 
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SCHEMATIC DIAGRAM 


Model 536 8-Transistor Radio 


° 
- MIXER FIRST SECOND DETECTOR 
Y IF AMPLIFIER 3 IF AMPLIFIER gr and AGC E 


ES LOCA 


L 
OSCILLATOR 


AUDIO AUDIO 
PREAMPLIFIER AMPLIFIER 
FEEDBACK 


GRAYMARK 


BLOCK DIAGRAM 


Fig. 20-11. Model 536, eight-transistor radio. 


SECOND AUDIO AUDIO 
IF AMPLIFIER PREAMPLIFIER y AMPLIFIER 
FEEDBACK 


DETECTOR 
AND AGC 


+V 


1 MHz 
MODULATED RF SIGNAL 


AGC INPUT 


455 kHz 
MODULATED IF SIGNAL 


eros 


1.455 MHz 


LOCAL 
OSCILLATOR 
INPUT 

GRAYMARK 


Fig. 20-12. An RF amplifier/mixer/converter. 
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FREQUENCY 
(MHz) 


1.000 
1.455 


ABBREVIATION 
RF 
LO 


INCOMING 
LOCAL OSCILLATOR 


LOCAL OSCILLATOR PLUS 
INCOMING 


2.455 LO + RF 


LOCAL OSCILLATOR MINUS 


INCOMING .455 LO -RF = IF 


Fig. 20-13. Frequencies Of signals being mixed. Their ab- 
breviations are also shown. 


This is because there are two possible signals that can 
be mixed to result in the IF. One is the desired signal, 
the other is called an IMAGE. See Fig. 20-14. 
Images are supressed in front of the mixer by the 
tuned antenna circuit. The more selectivity in front of 
the mixer, the less of a problem images will be. 
The incoming signal frequency, local oscillator 
frequency, sum and difference of the two are all 
presented to the input of the first IF amplifier. The 


FREQUENCY 
(MHz) 


1.000 
1.455 
.455 
1.910 
.455 


DESIRED RF 


LO 

LO —RF = IF 
IMAGE (LO + IF) 
IMAGE —LO = IF 


Fig. 20-14. Frequencies of desired and image signals. 


FIRST 


pe LOCAL 


OSCILLATOR 


SECOND DETECTOR 
IF AMPLIFIER E IF AMPLIFIER Y and AGC L 


IF amplifier is designed to amplify only the difference 
frequency (455 kHz). It will reject the other three fre- 
quencies. This is because they fall outside of the pass- 
band of the IF amplifier. 

The partial schematic shown in Fig. 20-12 is the 
mixer used in the Model 536 receiver. The input cir- 
cuit is composed of tuning and trimmer capacitors 
Cıa, and core and coil L, (also serving as the anten- 
na). This is a high Q resonant circuit. It is designed 
to select the incoming signal and to reject images. L, 
has a winding joined to the antenna circuit by an 
inductive couple. This will couple the selected signal 
to the base of Q2. Bias current for Q2 is provided by 
R,. Cı bypasses one end of the coupling winding to 
ground. The resonant circuit connected to the collec- 
tor of Q2 is tuned to the intermediate frequency. The 
emitter resistor of Q2, R2, provides bias voltage. The 
Q2 emitter is the point at which the local oscillator out- 
put is put into the mixer. It moves through coupling 
capacitor C,. Mixer gain is controlled by AGC feed- 
back through resistors Rio and R;. 


LOCAL OSCILLATOR 


When the local oscillator is inserted as part of the 
mixer, oscillator pulling is caused. There is also an 
increase in distortion products. Although it uses more 
components, a separate local oscillator creates more 
stable design. Fig. 20-15 shows a radio that has a 
separate local oscillator. 

Transistor Q, is connected as a variable oscillator. 


AUDIO AUDIO 
PREAMPLIFIER AMPLIFIER 
FEEDBACK 


+V OUTPUT 


Fig. 20-15. 


GRAYMARK 


Local oscillator. 
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Variable capacitor Cig is mechanically coupled to the 
mixer input circuit. Capacitor Cig is coupled to the 
tuning capacitor Cıa. The frequency of the signal 
made by the local oscillator will be adjusted to 455 kHz 
higher than the received signal. The positive feedback 
needed for oscillation is returned to the Q, emitter 
through Cs. 


FIRST IF AMPLIFIER 


Intermediate frequency 
IF amplifiers are nontunable (except for alignment) 

radio frequency amplifiers. Because they amplify a 

fixed frequency, they can be quite useful. Gain and 

bandwidth can be tailored to meet the needs of the 
receiver. Some limits to this include: 

1. The lower the frequency the easier it is to obtain 
a narrow bandwidth. 

2. The IF frequency will set the image frequency (see 
mixer discussion). Thus, the IF frequency should 
be as high as practical. In AM broadcast receivers, 
455 kHz has been chosen to be the best frequency. 
If the intermediate frequency is lower, the image 
response would suffer. And if higher, it would be 
harder to reach the proper bandwidth with just two 
IF stages. 


IF amplifiers set selectivity and provide most of the 
voltage gain in the superheterodyne circuit. 

A lower intermediate frequency permits more narrow 
bandwidth because of ARITHMETICAL SELEC- 
TIVITY. To explain this, consider two signals, one at 
1.00 MHz and the other at 1.01 MHz. The separation 
of these two signals is 10 kHz. That is a difference of 
1%. But when both signals are converted in the mixer 
to their intermediate frequencies, the 1.00 MHz signal 
becomes 455 kHz. The 1.01 MHz signal becomes 465 
kHz. The difference of 10 kHz is now 2.2% of the in- 
termediate frequency. That is more than twice the 
percentage difference. The signals can now be easily 
separated by the IF amplifier. 

The standard intermediate frequencies for receivers 
that have been in use for several decades are: 


AM receivers 455 kHz 
FM receivers 10.7 MHz 
Television receivers 41-46 MHz 


IF amplifiers 

There are two IF amplifiers used in the AM receiver 
shown in Fig. 20-16. Two transistor stages and three 
resonant circuits are provided to achieve the gain and 
passband required. 


7 OSCILLATOR 


4 
I 
l 
l 
l 
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| 
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T IF AMPLIFIER K IF AMPLIFIER W and AGC ‘ 
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E AUDIO AUDIO 
PREAMPLIFIER AMPLIFIER 
FEEDBACK 


MODULATED i SIGNAL 


+V 
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MODULATED IF SIGNAL 
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Fig. 20-16. First and second IF amplifiers. 
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Transistors Q3 and Q, each amplify the IF signal. 
The transformers IFT, (Fig. 20-11), IFT2, and IFTs, 
and their internal capacitors, each have a narrow pass- 
band (window). This keeps out unwanted frequencies. 
The transistor Q3 is connected to the output of the 
mixer transistor through a winding with an inductive 
coupling, transformer IFT,. The operating bias for 
transistor Q; is developed by resistor Rs and emitter 
resistor Rg. The bias current, and thus the collector 
current, are controlled by the AGC voltage. This 
voltage is developed at the output of the third IF 
transformer, IFT3. Each of three resonant circuits are 
located in the IF transformers. All are tuned (user ad- 
justable) to 455 kHz, the intermediate frequency. The 
Q and coupling coefficient are designed to provide the 
proper bandpass needed. 

These factors are crucial. They are an integral part 
of the design and are not adjustable. Gain is fixed and 
maximized by proper biasing. The emitter resistor is 
RF bypassed. If this was not done, the negative feed- 
back developed across the emitter resistor would reduce 
the gain a great deal. 

The second IF stage is like the first IF stage. The 
gain is fixed and maximized by proper biasing with 
resistors R; and Rg. The emitter resistor is RF bypassed 
so that the negative feedback developed across the 
emitter resistor will not reduce the gain. 


FIRST SECOND 
MIXER jt IF AMPLIFIER IF AMPLIFIER 


pa LOCAL 


OSCILLATOR 


ka 
` 


DETECTOR 


The detector circuit shown in Fig. 20-17 is much the 
same as is used in the simple crystal set. However, 
because there are two stages of IF amplification before 
the detector, and more gain is provided by the mixer 
stage, weak signals can be detected. 

The gain in front of the detector allows the signal 
to overcome the threshold voltage of the detector diode. 
The detector detects the modulation information from 
the received signal. This is done by rectifying the 
amplified signal, then filtering the remaining RF from 
the signal. The detector diode (D;) rectifies the RF 
modulated signal. Note that the envelope of the RF 
waveform contains the audio information first used to 
modulate the RF carrier at the transmitter. 

The RF is removed (bypassed to ground) by C12. 
This is because the .02 „F capacitor presents a low 
impedance path for the RF signal, but very high 
impedance for audio frequencies. 


AUTOMATIC GAIN CONTROL 
Automatic gain control, or AGC, keeps the audio 
output level constant despite the varying strengths of 


the signals. AGC rectifies and filters the output of the 
IF stages. This signal is used to control the gain of the 


DETECTOR A 
and AGC ES 


AUDIO 


- AUDIO 
PREAMPLIFIER AMPLIFIER 
FEEDBACK 


AUDIO SIGNAL 


Fig. 20-17. Detector 


GRAYMARK 


and automatic gain control. 
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preceding stages. In this manner, input signals with a 
strength difference of 40 dB can cause as little as 3 dB 
change in audio output level. Without AGC, the 
volume would have to be adjusted as each station was 
tuned in. AGC is also known as AVC (automatic 
volume control). 

Refer again to Fig. 20-17. The AGC voltage is taken 
from the junction of C12 and Rio. Resistor Rio keeps 
the audio from the further filtering done by Ce. The 
AGC voltage appears across Ce. This AGC voltage 
controls the current into the bases of Q2 and Q3. The 
gain of transistors Q2 and Q; are directly proportional 
to their collector currents. Detector diode D, is con- 
nected to supply a negative voltage which increases as 
signal strength increases. This negative voltage is 
applied to the bases of Q2 and Q3. It controls the gain. 
Therefore, as the AGC voltage increases, the gain of 
Q2 and Q; goes down. Note that the detector diode 
is used both as an audio detector and AGC rectifier. 


AUDIO PREAMPLIFIER 


The audio preamplifier has a high impedance input. 
This provides a minimum load on the detector output. 
Refer to Fig. 20-18. Variable resistor Ri, is used to 
select the detector signal at different voltage levels. The 
preamp gain varies. It is controlled by the negative feed- 
back from the audio amplifier through Rao. 
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Fig. 20-18. Audio preamplifier. 


AUDIO AMPLIFIER 


The audio output from the detector will have an 
amplitude of several volts. The impedance level will 
be fairly high. The means that little power will be ready 
to drive the loudspeaker. In order to match the low 
impedance loudspeaker to the high impedance detec- 
tor output, an audio amplifier with a low impedance 
output is required. In Fig. 20-19, transistors Qs, Qe, 
Q7, and Qs do this. 

Transistor Qs is biased Class A. It provides enough 
voltage and power gain to drive the output transistors, 
Q; and Qs. The output stage is composed of Q7 (NPN) 
and Qs (PNP). During the positive swing, Q7 will con- 
duct. During the negative swing, Qs will conduct. It 
is crucial that Qs and Q; not be on at the same time. 
This would cause a large current to flow through both 
transistors. Diode Dz prevents this event from 
occurring. 

It is best to use all the voltage given by the 9 volt 
battery. To do this, do not allow the junction of the 
Q, and Qs emitter, under NO signal conditions, to idle 


at 4.5 volts ess, This would make a peak-to-peak 


audio signal of 9 volts ready for use before the signal 
is clipped. 

If the NO signal voltage is not centered at the half- 
way point, one side of the signal swing will clip at a 
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Fig. 20-19. Audio amplifier. 


lower voltage. This causes uneven clipping distortion. 
That limits the power output that will be ready to use. 
The audio amplifier is Fig. 20-19 achieves halfway idle 
bias voltage as follows. 

Q; is an NPN device. A positive voltage applied to 
its base-emitter junction will cause it to conduct. Rie 
and R ,, provide bias current that causes Q, to turn 
on. If no other circuit elements are present, the bias 
current will cause the Q, emitter to rise to 9 V minus 
the collector emitter voltage drop. 

To prevent this, the emitter of Q, is connected via 
Rig to the base of Qs. Qe is also an NPN transistor. 
As a higher base current is applied to Q7, the collector- 
emitter resistance becomes lower. 

The collector of Q is connected via Rig and D- to 
the base of Q7. As Qs becomes lower in resistance, it 
steals base current from Q7. This increases the collector- 
emitter resistance of Q7. The network then becomes 
a voltage divider. To complete the circuit, think of the 
effect of the PNP transistor Qs. If the base-emitter 
junction of Qs becomes forward biased, it will con- 
duct. As stated earlier, it must not be allowed to con- 
duct at the same time as Q7. 

Under working conditions, capacitor C,, couples the 
audio signal to the base of driver/inverter Qs. When 
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the signal swings positive, Qe will conduct more. As 
a result, Qs will also conduct more. While this is hap- 
pening, more current is stolen from the base of Q». 
Q, then conducts less. 

On the negative swing of the signal, Qs will conduct 
less. This allows Qs to reverse bias. More bias current 
is then applied to Q7, causing it to conduct more. As 
in many circuits, there are two conditions. They are 
dc, or no signal conditions, and ac, or dynamic con- 
ditions. In order to study the circuit , both states should 
be understood and then combined. 

Capacitor C,7 is used to block dc current from flow- 
ing through the speaker. 


IC USE IN SUPERHETERODYNE RECEIVERS 


Integrated circuits can be used in place of many single 
parts in a superheterodyne receiver. In the early years 
of IC production, most devices made were op amps, 
comparitors, and voltage regulators. In the late 1970s 
and early 1980s, the monolithic (single) IC was 
developed. It was very useful in communication systems 


such as radios and televisions. Industry has always 


worked toward ICs that perform better and are more 
stable than what is used currently. 
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ICs such as the LM 1820 from National Semicon- 
ductor can replace most transistors, resistors, and 
capacitors in the mixer oscillator and IF amplifier cir- 
cuits. ICs cannot replace the tuning components, local 
oscillator tank circuits, and IF transformers. A linear 
IC such as the LM 386N can be used as the audio 
amplifier. 

A block diagram of the complete radio is shown in 
Fig. 20-20. The schematic is shown in Fig. 20-21. The 
IC LM 1820, houses the major workings for the mixer- 


oscillator, first IF amplifier stage, second IF amplifier 
stage, and the automatic gain control (AGC) circuit. 
The audio amplifier stages are housed in the LM 386. 
It provides 1/4 watt into an 8 ohm speaker. The 
operating voltage is 6 volts dc. This can be obtained 
from four D, C, or AA cells. The V.. is the positive 
voltage and ground is negative. A complete schematic 
of LM 1820 is shown in Fig. 20-22. An LM 386 
schematic is shown in Fig. 20-23. A layout of a printed 
circuit for an AM radio is shown in Fig. 20-24. 


---- 
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Fig. 20-20. Radio block diagram. 
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Fig. 20-21. Radio schematic. 
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Fig. 20-22. LM 1820 schematic. 
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Fig. 20-23. LM 386 schematic. 
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Fig. 20-24. Typical printed circuit board radio layout. 
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REVIEW QUESTIONS FOR SECTION 20.2 


. Define heterodyning. 

2. How does the superheterodyne receiver differ 
from the TRF receiver? 

. The intermediate frequency in a superhetero- 
dyne radio is: 

a. 455 Hz. 
b. 45 kHz. 
c. 455 kHz. 
d. None of the above. 

. What three functions are performed by the 
mixer? 

. A local oscillator produces an unmodulated 
signal kHz above the incoming 
frequency signal. 

. What is the purpose of the AGC circuit in a 
superheterodyne receiver? 


20.3 TRANSDUCERS 


The final stage of the radio receiver is a transducer. 
The transducer converts the electrical energy of audio 
frequencies into sound energy. Transducer devices are 
the LOUDSPEAKER and HEADPHONES. 

A common type of speaker is shown in Fig. 20-25. 
The schematic symbol for this speaker is shown in Fig. 
20-26. It is made with a permanent magnet. It is called 
a PM SPEAKER. 

In a PM speaker, a strong magnetic field is produced 
between the poles of a fixed permanent magnet. A 
small voice coil is hung in the air gap. It is attached 
to the speaker cone. The audio alternating currents are 
joined to the voice coil. The action between the fixed 
field and the moving field causes the voice coil to move 
back and forth. This motion also causes the speaker 
cone to move back and forth. The air pressure, in the 
form of sound energy, changes back and forth, from 
highest to lowest pressure. 

An electrodynamic speaker replaces the permanent 
magnet with an electromagnet, Fig. 20-27. It works like 
the PM type. A strong source of direct current must 
be supplied to the electromagnet. This may come from 
the power supply. A common practice is to use the field 
coil of the speaker as the filter choke in the supply. 

Due to the popularity of stereos, special sizes and 
types of speakers have been developed. These provide 
the best response for certain bands of audio 
frequencies. 

‘Low frequency speakers are WOOFERS. High fre- 
quency speakers are TWEETERS. A MIDRANGE 
speaker may be used to reproduce intermediate 
frequencies. 


ri y es > 
_ a 


- STROMBERG-CARLSON 


Fig. 20-25. A typical radio loudspeaker. 
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Fig. 20-26. This sketch shows the operating principles of the 
PM speaker. 
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Fig. 20-27. An electrodynamic speaker. The permanent field 
is replaced with an electromagnetic field. 
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Special filters and crossover networks allow signals of 


set frequency ranges to be channeled to the speaker that 
best reproduces the sound. 


A crossover network is shown in Fig. 20-28. Coil L 
is connected to the woofer. As the frequency of the 
sound increases, the reactance of L increases at the rate 
of X, = 2 x fL. However, the tweeter is connected 
through C. As the frequency increases, the reactance of 


C decreases at the rate of Xç = . Values of L 


AR 
2q fC 
and C may be selected for the desired crossover point. 
This is usually between 400 and 1200 Hz. Note that 
at one frequency, X, equals Xc. The response is equal 


for both speakers at this crossover frequency. 
HEADPHONES 

Headphones provide excellent sound reproduction 
and allow for private listening. Like loudspeakers, there 


are two basic types of headphones: dynamic and elec- 
trostatic. See Fig. 20-29. 
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Fig. 20-28. A basic crossover network design. 
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Dynamic 

Dynamic headphones are divided into two groups. 
PRESSURE-TYPE dynamic headphones require an air 
seal around the ears for proper bass response, Fig. 
20-30. HEAR-THROUGH or VELOCITY headphones 
allow the listener to hear outside sounds (telephone, 
door bell, etc.) with the headphones in place. 

Pressure and hear-through headphones use the same 
basic transducer. Some pressure headphones use a 
dynamic woofer and a separate tweeter. The tweeter 
may be electrostatic, ceramic, or dynamic in design. 
Correct crossover circuits are included in the 
headphone. 

Pressure and hear-through headphones can have two 
or four channels. A copper voice coil is attached to 
one side of miniature loudspeaker cone or diaphragm. 
In quad headphones, there are two driver elements in 
each earcup. 


KOSS CORP. 
Fig. 20-30. Pressure-type dynamic headphones. 
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Fig. 20-29. Headphone designs. A— The dynamic headphone uses a voice coil and molded diaphragm. B— With electrostatic 
headphones, a very thin membrane provides the diaphragm within the driver of the headphone. 
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The coil is hung in a magnetic field. It acts like a 
pulsating motor when the electrical form of the music 
energy flows through its windings. This causes the 
diaphragm to move the air in a manner similar to the 
original sound waves made by the musical instruments. 
See Fig. 20-31. 

Sound reproduction quality varies among head- 
phones. Different designs and manufacturing costs 
affect results. Manufacturers try for a certain “sound,” 
just as the loudspeaker companies do. 

Sound waves are made in headphones with either 
cone-type or element-type drivers. They both perform 
the same task. 

Cone-type drivers are loudspeakers, like those found 
in transistor radios. They are not designed for head- 
phone use. But, they work well when used with the 
pressure-type cushions. 

Element-type drivers are special loudspeaker struc- 
tures. They are designed for headphone use. A special 
element is designed to work with a certain headphone 
housing. Grouping the driver element and housing into 
one package results in a driver that performs better and 
has better quality than the cone-type drivers. 

Hear-through headphones are much different from 
the pressure-type, Fig. 20-32. They are light weight and 
have porous foam ear cushions. 

Recall that the pressure-type headphone requires a 
closed volume of air. Hear-through headphones, 
however, vent the back sound waves through the rear 
of the cup. 

The porous cushions provide some acoustic 
resistance. They help control the sound emitted by the 
headphone diaphragm. And they provide some acoustic 
openness. This allows the listener to hear outside 
sounds when the headphones are in place. 
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SOCIETY OF AUDIO CONSULTANTS, KOSS CORP. 
Fig. 20-31. Diaphragm as it moves in a headphone. 
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A key advantage of this headphone is its weight. The 
drawback, however, is a loss in sound quality. 

Dynamic headphones use a fairly heavy copper voice 
coil. It is attached to one side of a miniature 
loudspeaker cone. In theory, the moving parts act like 
a piston to reproduce the recorded sound. But the heavy 
voice coil lags behind the electrical energy. Therefore, 
the plastic or parchment cone also loses true piston 
action and distorts the sound wave. 


Electrostatic 

Electrostatic headphones look like pressure-type head- 
phones. However, their mechanics are very different. 

The best electrostatic headphones use light 
diaphragms of plastic instead of heavy plastic or parch- 
ment cones. The diaphragm in electrostatic headphones 
may be only 1/1000 of an inch thick, and weigh less 
than the surrounding air. 

The diaphragm moves back and forth by controlled 
charges of static electricity. Lightness and control of 
the high quality electrostatic allows for excellent sound 
reproduction, Fig. 20-33. 


KOSS CORP. 
Fig. 20-32. Hear-through headphones. 
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SOCIETY OF AUDIO CONSULTANTS, KOSS CORP. 
Fig. 20-33. Electrostatic headphones circuit and operation. 
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Frequency response of electrostatics is wider and 
flatter than dynamics. Using electrostatic headphones 
makes the drawbacks of disc and tape recordings, 
power source equipment, and broadcast stations more 
apparent. The noise and hiss from these sources are 
more noticeable to the listener. 


TONE CONTROLS 


Tone controls are used to adjust the amount of high 
or low frequencies sent out from speakers. Most radios, 
TVs, and audio amplifiers have these controls. A com- 
mon circuit is shown in Fig. 20-34. 

Capacitor C, has a low reactance for high audio 
frequencies. The value of C, is usually .05 pF and Ra 
is 50,000 ohms. 

A tone switch with three control positions may also 
be used. The reactance of the capacitor for each posi- 
tion filters or removes the high frequencies. Fig. 20-35 
shows the tone switch control system with three 
capacitors of different values. 
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Fig. 20-34. Basic tone control circuit. lt removes the higher 
frequencies from the speaker output. 


FINAL 
AUDIO 
AMPLIFIER 
STAGE 


Fig. 20-35. This tone control has three positions. The tone 
is selected by the listener. 
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The superheterodyne receiver contains several tuned 
circuits. These include the primary and secondary wind- 
ings of the IF transformers. These must be tuned to 
resonance or maximum response for those signals to 
be passed. Variable trimmer capacitors are connected 
in parallel with these coils. They provide the adjust- 
ment, or ALIGNMENT. 

Receivers often need alignment after parts have been 
replaced in the service shop. The effects of age may 
be reduced by “peaking.” This is aligning the receiver. 
Tools needed for peaking include the SIGNAL 
GENERATOR, Fig. 20-36, and an output indicator, 
such as an ac VOLTMETER. 

A signal generator produces either a modulated or 
unmodulated RF wave. This may be selected by the 
controls on the panel. When an alignment job is 
needed, consult the technical manual for that radio or 
TV. Therefore, this discussion of alignment procedures 
is general. It refers only to the basic theory. 

Refer to Fig. 20-37. The ac voltmeter is connected 
to the plate of the final power amplifier tube through 
a.l „F 600 V capacitor. This is the indicating device. 
The signal generator is set up to produce a 455 kHz 
modulated RF wave. It is connected to the input grid 
of the converter tube through a .001 „F capacitor. The 
local oscillator must be disabled. This can be done by 
connecting a “jumper lead” between the rotor and stator 
plates of the oscillator tuning capacitor. Turn the 
attenuation control on the generator so that only a faint 
tone is heard in the speaker. Start with the output of 
the last IF transformer. Adjust the trimmer capacitor 
for peak reading on the voltmeter. Use a special align- 
ment tool. Proceed toward the front end of the receiver. 
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Fig. 20-36. A superheterodyne receiver can be aligned with 
this signal generator. 
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Fig. 20-37. This diagram shows only the signal path through a superheterodyne receiver. 
Connections for instruments are made for IF alignment. 


Adjust, in order, the secondary and primary of all IF 
transformers for maximum output response. This com- 
pletes the IF alignment. 

The oscillator section of Fig. 20-37 contains a trim- 
mer capacitor and a series padder capacitor, called the 
600 padder. To adjust the oscillator, the generator is 
set at a modulated frequency of 600 kHz. It is attached 
to the antenna input terminals through a 250 pF 
capacitor. The receiver is tuned to 600 kHz and the 
600 padder is adjusted for maximum response. Now 
the generator and receiver are tuned to the high 
frequency end of the band, around 1400 kHz. The trim- 
mer capacitor is carefully adjusted for maximum 
response. 

For complete instructions on alignment of a particular 
radio, check the manual. You will find antenna trim- 
mer tuning and more precise oscillator adjustments. 
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REVIEW QUESTIONS FOR SECTION 20.3 


. What is a transducer? 

. Make a sketch showing the operating principles 
of the PM speaker. 

. High 


. Low frequency speakers are 
frequency speakers are__ Žž ž ž . 

. Name the basic types of headphones. 

. What tools are needed to align a receiver? 


20.4 FM RECEIVER 


A block diagram of a complete FM receiver is shown 
in Fig. 20-38. Each block is labeled according to its 
function in the system. 


POWER 
SUPPLY 


Fig. 20-38. The block diagram of a typical FM radio. 
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The FM receiver is similar to the superheterodyne 
AM receiver, with three exceptions. The incoming 
signals to be tuned are from 88 to 108 megahertz. 
Secondly, the IF frequency used in the FM radio is 10.7 
megahertz. The same heterodyne principles apply as 
with the AM receiver. Thirdly, the detection method 
an FM receiver uses is different. 


FM DETECTION 


In the AM radio, the detector is sensitive to 
amplitude variations. An FM detector must be sensitive 
to frequency variations and remove this intelligence 
from the FM wave. The FM detector must produce a 
varying amplitude and frequency audio signal from an 
FM wave. 

Refer to Fig. 20-39. Assume that a circuit has a peak 
response at its resonant frequency. All frequencies, 
other than resonance, will have a lesser response. If 
the center frequency of an FM wave is on the SLOPE 
of the resonant response curve, a higher frequency will 
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Fig. 20-39. These curves demonstrate slope detection. 


produce a higher response in voltage. A lower 
frequency will produce a lower voltage response. The 
curves in Fig. 20-39 reveal that the amplitude of the 
output wave is the result of the maximum deviation 
of the FM signal. The frequency of the audio output 
depends on the rate of FM signal frequency change. 


Discrimination 

The discriminator in Fig. 20-40 uses three tuned 
circuits. In this circuit, L,C, is tuned to the center fre- 
quency. L2C, is tuned to above center frequency. L3C3 
is tuned to below center frequency by an equal amount. 

At center frequency, equal voltages are developed 
across the tuned circuits. Dı and D2 conduct equally. 
The voltages across R; and R2 are equal and opposite 
in polarity. The circuit output is zero. If the input 
frequency increases above center, L2C2 develops a 
higher voltage. Then D, conducts more than D2 and 
unequal voltages develop across R, and Ro. 

The difference between these voltage drops will be 
the audio signal. The output, therefore, is a voltage 
wave varying at the rate of frequency change at the 
input. Its amplitude depends upon the maximum devia- 
tion. The capacitors across the output of the 
discriminator filter out any remaining radio 
frequencies. 

The discriminator in Fig. 20-41 is a circuit often 
encountered in FM receivers. L, and C, are tuned to 
center frequency. At frequency above resonance, the 
tuned circuit becomes more inductive. At frequencies 
below resonance, the circuit becomes more capacitive. 
The out of phase conditions produce voltages that 
determine which diode will conduct. The output is an 
audio wave. In advanced courses, you will study this 
type of detection in more detail. 

Note that each diode in the discriminator must have 
equal conduction capabilities. This means that the semi- 
conductor diodes used must be in MATCHED PAIRS. 


AUDIO OUTPUT 


Fig. 20-40. An FM discriminator circuit using semiconductor diodes. 
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Fig. 20-41. Foster Seeley discriminator using a special transformer designed for this purpose. 


Ratio detector 

Another type of FM detector is drawn in Fig. 20-42. 
It is called the RATIO DETECTOR. The diodes are 
connected in series with the tuned circuit. At center 
frequencies, both diodes conduct during half-cycles. 
The voltage across R; and R2 charges C, to output 
voltage. C, remains charged because the time constant 
of C, R: and R2 is no longer than the period of the incom- 
ing waves. C2 and C3 also charge to the voltage of C4. 
When both D, and D, are conducting equally, the 
charge of C2 equals C3. They form a voltage divider. 
At the center point between C2 and Cs the voltage is 
zero. 

A frequency shift either below or above center 
frequency cause one diode to conduct more than the 
other. As a result, the voltages of C2 and C3 become 
unequai. But they will always total the voltage of C;. 
This change of voltage at the junction of C2 and C3 


FM 
INPUT 


Yee 


is the result of the RATIO of the unequal division of 
charges between Cz and C3. This will vary at an audio 
rate the same as the rate of change of the FM signal. 

Look at the charge on C, again. It is the result of 
the carrier wave amplitude or signal strength. It is 
charged by half-wave rectification of the FM signal. 
It is, therefore, a fine point to pick off an automatic 
volume control voltage to feedback to previous stages 
to regulate stage gain. 


NOISE LIMITING 


FM radio receivers are sensitive to and detect 
frequency variations, not amplitude variations. Most 
noise and interference in radio reception are amplitude 
variations. They are called NOISE SPIKES and have 
little effect on the FM detector. Therefore, FM recep- 
tion is mostly free of noise and disturbances. 
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Fig. 20-42. A typical ratio detector circuit using semiconductor diodes. 
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Fig. 20-43. A circuit from a limiter stage before a discriminator. 


The FM signal is held at a constant amplitude before 
detection in a discriminator circuit using a limiter. A 
schematic of a transistorized LIMITER STAGE is 
shown in Fig. 20-43. 

A limiter is an OVERDRIVEN amplifier stage. If 
the incoming signal reaches a certain amplitude in 
voltage, it drives the transistor to cutoff or saturation 
when the voltage is opposite in polarity. At either of 
these points, gain cannot increase. The output is con- 
fined within these limits. Any noise spikes would be 
clipped off. 


REVIEW QUESTIONS FOR SECTION 20.4 


. What is the difference between the detection 
methods in an AM receiver and an FM receiver? 

. Draw the block diagram of an FM receiver. 

. Most interferences in radio reception are ampli- 


tude variations called___.._________. 

. The_—— —— circuit in an FM receiver does not 
allow signals to go over a certain amplitude after 
they leave the IF transformer and reach the 
discriminator circuit. 


20.5 RADIO RECEIVER PROJECTS 
CRYSTAL RADIO 


Crystal radios are often the first electronic project 
built at home or school. Figs. 20-44 and 20-45 show 
some of the principles we have studied, such as tuning 
and detection. 


343 


“="GND. 


Fig. 20-45. Study this schematic for the crystal radio. 
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Commercial parts are used in this project, Fig. 20-46. 
Its construction introduces more complex circuits. 
Being familiar with these parts will pay off in more 
advanced projects. The radio may be built on a plastic 
sheet or a wooden base. It will require a good antenna 
for proper operation. 


FOUR-TRANSISTOR RADIO 


A four-transistor radio has good reception on local 
stations, Fig. 20-47. It is not very costly to build. A 
schematic for the radio is shown in Fig. 20-48. The 
parts list is given in Fig. 20-49. 

Station selection is done by tuned circuit L,C,. The 
signal is detected by crystal CR, and amplified by four 
transistor stages to drive the loudspeaker and to in- 
crease the sensitivity of the detector. The grounded- 
emitter configuration is used by Q2, Qs, and Q4. In- 
terstage coupling is provided by C4, Cs, and Ce. 

Refer to Fig. 20-47. Notice the use of tiny electrolytic 
capacitors. The transistor tuning capacitor C, and 
midget speaker LS, permit a compact package. All 
parts have been mounted on a sheet of 1/16 inch 


, > Antenna Coil: Miller 20A 
- Variable Capacitor 365 pF, Philmore 1946 G 


CR, - 1N34 Crystal Diode or RCA SK 3087 
Headphones 2000 0 
Binding Posts or Terminals 


Fig. 20-46. Parts list for the crystal radio. 


plastic, but printed circuitry may be used. 

It is best to build the radio first. Use parts mounted 
on a breadboard. After tests have been done, design 
a case to hold the radio. 


EIGHT-TRANSISTOR 
SUPERHETERODYNE RADIO 


This superheterodyne receiver receives AM broad- 
cast stations transmitting on frequencies between 550 
and 1600 kHz. The RF amplifier-converter stage 
receives the modulated RF signal from the broadcast 
stations in your area. By tuning the radio, you select 
the modulated RF signal from one of the broadcast 
stations. In this stage, it is amplified and combined with 
the RF signal from the local oscillator in your radio 
to form an intermediate frequency signal. The IF signal 
is then amplified ir the IF amplifier stage and passed 
on to the detector stage. The detector stage removes 
the carrier frequency. This leaves only the AF signal 
that was originally combined with the carrier frequency 
at the broadcast station. This is demodulation. This 
small AF signal is amplified by the first AF amplifier 
stage. Then by the audio power amplifier stage. It is 
now strong enough to operate the speaker. 

The circuit used in this eight-transistor radio is from 
Graymark Enterprises. It may be purchased as their 
Model 536 eight-transistor radio. 

The schematic for the radio is shown in Fig. 20-50. 
The parts list appears as Fig. 20-51. 

Order Model 536 from Graymark Enterprises, Inc., 
P.O. Box 54343, Los Angeles, California 90054. For 
individual parts, quote part numbers from Fig. 20-51. 


Fig. 20-47. Two views of the four-transistor radio. Left. A pocket size version with a loudspeaker. Right. A rear view of 
the four-transistor radio showing parts placement. 
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SYLVANIA 
Fig. 20-48. The schematic diagram of the four-transistor radio. 


B, — 6 volt battery 3-6 ohm loudspeaker 

C, — 0.365 pF tuning capacitor 2> Q3» Q, — Sylvania 2N 1265, RCA SK 3003 
C,,C, — 0.02 pF ceramic disc or paper — 470 K, 1/2W 

Ca» Css Co — 1.0 yF electrolytic, 15V Re 220 K, 1/2W 

C, — 25.0 pF electrolytic, 15V a es = 22 G AW 

CR, — Sylvania 1N64 or 1N34 diode or RCA —1000,1W 


SK 3087 Tı — Argonne AR-133 (pri. = 10K Q, 
L, — Ferri-loopstick antenna coil sec. = 3.2 Q, 100 mW) 


Fig. 20-49. Parts list for the four-transistor radio. 


a FIRST SECOND DETECTOR 
aal p IF AMPLIFIER w IF AMPLIFIER Hi and AGC 


Z= LocaL 
OSCILLATOR 


AUDIO AUDIO 
PREAMPLIFIER AMPLIFIER 
FEEDBACK 


BLOCK DIAGRAM 


GRAYMARK 
Fig. 20-50. Schematic and block diagrams for the eight-transistor radio. 
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SYMBOL PART NO. DESCRIPTION 


Resistor, 1/4 W, 5%, 470 kQ 
Resistor, 1/4 W, 5%, 1.5 k 
Resistor, 1/4 W, 5%, 5.6 k 
Resistor, 1/4 W, 5%, 56 k 
Resistor, 1/4 W, 5%, 1.2 k 
R7, 12 Resistor, 1/4 W, 5%, 560 k 
R8, 17, 20 Resistor, 1/4 W, 5%, 1k 
R9 Resistor, 1/4 W, 5%, 680 Q 
tia | Resistor, 1/4 W, 5%, 27 k 
R13 Resistor, 1/4 W, 5%, 10 2 
R14 Resistor, 1/4 W, 5%, 3.9 k 
R15 4 Resistor, 1/4 W, 5%, 150 Q 
R16, 18 Resistor, 1/4 W, 5%, 82 Q 
R19 Resistor, 1/4 W, 5%, 12 k 
R21 Resistor, 1/4 W, 5%, 2.7 k 
R11 Potentiometer, 5 k, with switch 
C1 Capacitor, Tuning 
(Or, Sy 05 Capacitor, ceramic, .01 mfd, marked ‘103’ 
C4 Capacitor, ceramic, .005 mfd, marked ‘472’ or ‘502’ 
C6 . Capacitor, electrolytic, 10 mfd, 10 volt or 16 volt 
C7, 8, 9,11, 12 Capacitor, ceramic, .02 mfd, marked ‘203’ or ‘223’ 
C10, 17, 18 Capacitor, electrolytic, 100 mfd, 10 volt 
C13 Capacitor, electrolytic, .47 mfd, 50 volt 
C14 n l Capacitor, electrolytic, 4.7 mfd, 25 volt 
C15 Capacitor, ceramic, .001 mfd, marked ’102’ 
C16 Capacitor, electrolytic, 47 mfd, 10 volt 
Q1, 2, 3, 4, 6, 7 Transistor, 25C1815Y, Silicon, NPN 
05 . Transistor, 25C1815GR, Silicon, NPN 
a8 Transistor, 28A1015Y, Silicon, PNP 
D1 Diode, 1N60 
D2 Diode 
L1 Antenna core with coil 
: Antenna holder (mounted to Printed Circuit Board) 
Coil, oscillator, red core 
Transformer, IF, yellow core 
Transformer, IF, white core 
Transformer, IF, black core 
Speaker, 8 Q 
Battery connector 
Printed Circuit Board 
Cabinet, plastic 
Knob, tuning 
Knob, volume 
Screw, machine, flat head, 2.6 x 3 mm 
Screw, machine, flat head, 2.6 x 6 mm 
Screw, machine, 1.7 x 3 mm 
Screw, machine, 2 x 5 mm 
Screw, self-tapping, 3 x 8 mm 
Screw, self-tapping, 2.6 x 5 mm 
Nut, machine, 2 mm 
Printed Circuit Board, IFT Breadboard 
Speaker holder 
Sponge, double-sided adhesive type, 15 x 10 mm 
Solder pins 
Solder, rosin core, 600 mm 
Wire, bare, solid, 22 gauge, 1100 mm 
Wire stranded, black, 26 gauge, 1100 mm 
Breadboard 
Warranty Card 
Instruction Manual 


So > = wm 0 PO > == å — — Bees = = 


1 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
4 
2 
2 
4 
2 
3 
55 
1 
1 
y 
1 
1 
1 


GRAYM 
Fig. 20-51. Parts list for the eight-transistor radio. w 
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Please do not write in the text. 


Radio Wave Receivers 


SUMMARY 


. The tuned radio frequency (TRF) receiver picks 


up a transmitted RF wave, amplifies it, detects or 
demodulates it, and amplifies the audio wave. 


. The superheterodyne receiver converts the tuned 


RF signal to an intermediate frequency (IF) signal 
so that this signal can be further amplified and 
refined. 


. High frequency rectification of the RF wave is 


called detection. 


. Selectivity is the ability of a receiver to select a 


single frequency and reject all others. 


. Sensitivity is the ability of a receiver to respond 


to weak incoming signals. 


. Some common intermediate frequency signals are 


455 kHz and 10.7 MHz. 


. Transducers are devices that convert one form of 


energy to another. Some common transducers are 
microphones and loudspeakers. 


. Radios must be properly aligned in order for 


signals to be properly tuned and passed through 
the various stages of the receiver. 


. The high frequency circuit used to separate the 


audio wave is the discriminator or the ratio 
detector. 


TEST YOUR KNOWLEDGE, Chapter 20 


Place your 


answers on a separate sheet of paper. 


1. 


2. 


The process of removing the audio wave from the 
modulated RF wave is: 

a. Demodulation. 

b. Detection. 

c. Both of the above. 

d. None of the above. 

A circuit changes the resonant 
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frequency range of a circuit. 


. What two characteristics determine the quality of 


a tuning circuit? 


. The RF amplifier: 


a. Is the first stage that the received signal 
is fed to from the antenna. 

b. Provides amplification to the incoming 
signal. 

c. Improves the selectivity of a receiver. 

d. All of the above. 


. What is the purpose of detection? 
. Sketch a block diagram for a superheterodyne 


receiver. 


. What is the advantage of a separate local oscillator 


attached to a mixer? 


. What are the standard frequencies for the follow- 


ing receivers? 

a. AM receiver. . 

b. FM receiver. 

c. TV receiver. 

i Sa =e automatically ad- 
justs all volume levels to a constant level. 


. Explain the operation of a PM speaker. 
. What is the purpose of a tone control? 
. What is the purpose of alignment? 

. Name two types of FM detectors. 


FOR DISCUSSION . , 


. How does the tuning circuit select a desired 


frequency? 


. Explain the process of heterodyning signals. 
. Draw the block diagram of a communication model 


and explain the function of each stage. 


. How does an AM receiver differ from an FM 


receiver? 


. Discuss the advantages and disadvantages of AM 


and FM. 


Electricity and Electronics 


SHARP 
This camcorder operates in much the same way as a full-sized television camera. The camcorder 
signal is sent to a videotape rather than through the airwaves. 


The principle of television is the breaking of the picture into many dots. Linear amplifier circuits can easily handle the resulting 

signal. Picture (‘‘video’’) signals can have frequencies as high as 3.5 MHz. The superheterodyne principle is used, just as in 

a radio receiver. The video information is sent by AM and the audio information is sent by FM. Some sets have a separate carrier 
of 38 kHz for stereo sound. 
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After studying this chapter, you will be able to: 

© Explain the steps in the transmission of a television 
signal. 

= Discuss the scanning process. 

E Identify circuits in both black and white and color 
television receivers and explain their functions. 

E Discuss a variety of television innovations. 


In just a few years, television has grown from infancy 
to a giant in the field of communications. Entertain- 
ment, education, information, and advertising are 
available to millions of people. Through satellite links, 
the effect of television is to bring the entire world closer 
together. 

This text will not address the detailed electronic cir- 
cuits involved in the production, transmission, and 
reception of television signals. However, it is impor- 
tant for students interested in the science of electronics 
to have a basic knowledge of television and related 
information. 


TARGET 


PHOTOCATHODE 


TOLOSA DUET 
FOCUS COIL 


Chapter 21 
TELEVISION 


21.1 TELEVISION SIGNALS 
TELEVISION CAMERAS 


A picture is really an infinite number of dots. In a 
black and white photo, these dots are varying degrees 
of black and white. These dots are called PICTURE 
ELEMENTS. Look at a photo in a newspaper. These 
elements are clearly visible. 

As a television camera looks at a scene in a studio, 
these picture elements appear to it. The scene is focused 
on a photosensitive mosaic in the camera. It consists 
of many photoelectric cells. Each cell responds to the 
scene by producing a voltage in balance with the 
strength of the light. These voltages are amplified and 
used for modulation of the AM carrier wave. This wave 
is transmitted to the home receiver. 

A line drawing of an image orthicon is shown in Fig. 
21-1. The scene in front of the camera focuses on the 
photo cathode through a standard camera lens system. 


DEFLECTION COIL 


a, Y) UTE. TF,- 
eS ALES ELECTRON 
MULTIPLIER 


Fig. 21-1. This sketch shows the interior arrangement of the 
image orthicon tube used in television cameras. 
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The varying degrees of light cause electrons to be emit- 
ted on the target side of the cathode. These form an 
electronic image of the scene. The target plate is 
operated at a high positive potential. The electrons 
from the cathode are attracted to the target. The target 
is made of low resistance glass and has a transparency 
effect. The electron image appears on both sides of the 
target plate. 

At the right in Fig. 21-1 is the electron gun. It pro- 
duces a stream of electrons. The speed of the stream 
is increased by the grids. The beam scans left to right 
and top to bottom. This is done by the magnetic deflec- 
tion coils around the tube. The moving electron beam 
strikes the target plate and the electrons return to the 
electron multiplier section. The strength of the elec- 
tron stream returning to the multiplier is balanced with 
the electron image. It provides the desired signal cur- 
rent for electronic picture reproduction. 


SCANNING 


Scanning is the point-to-point examination of a 
picture. In the camera the electron beam scans the elec- 
tron image. It responds to the point-to-point brilliance 
of the picture. 

The scanning system used in the United States is the 
interlace system. It consists of 525 scanning lines. The 
beam starts at the top left hand corner of the picture. 
It scans, from left to right, the odd numbered lines of 
the scanning pattern (lines 1, 3, 5, 7, etc.). At the com- 
pletion of 262 1/2 lines, the electron beam is returned 
to the starting point by vertical deflection coils. The 
beam then scans the even numbered lines. 

One scan of 262 1/2 lines represents a FIELD. One 
set of the odd and even numbered fields represents a 
FRAME. A portion of the interlace nine pattern 
is shown in Fig. 21-2. 

The frame frequency has been set E the FCC at 30 
Hertz. This means your TV receives 30 complete frames 
per second, or 60 picture fields per second of alternate 
odd and even lines. This appears as a constant, 
nonflickering picture to your vision. 

In order to produce 525 lines per frame at a frame 
frequency of 30 Hz, the horizontal deflection oscillator 
must work at a frequency of 15,750 Hz (525 x 30). 
The horizontal deflection oscillator causes the beam 
to move from left to right. 

The vertical deflection oscillator must have a 
frequency of 60 cps. This is a field frequency. The ver- 
tical deflection oscillator causes the beam to move from 
top to bottom. 

Closer study of the scanning process reveals that the 
beam scans as it moves from left to right. After it has 
read one line, it quickly retraces to the left and starts 


reading the next line, just the way you are reading this 
book. The retrace time is very rapid, but still shows 
a line in the picture. Therefore, the picture must be 
black during this retrace time. Also, when the beam 
reaches the bottom of the picture, the beam must be 
returned to the top to scan again. The picture must also 
be black during vertical retrace or trace lines would be 
vislble. 

The oscillators that make the scanning and retrace 
voltages for both the horizontal and vertical sweep must 
produce a waveform as shown in Fig. 21-3. This is a 
sawtooth waveform. Notice the gradual increase in 
voltage during the sweep and the rapid decrease during 
retrace. These voltages are applied to coils that sur- 
round the picture tube. These coils are called the 
DEFLECTION YOKE. An increase in the strength of 
the magnetic fields in the coils causes the electron beam 
to move. See Fig. 21-4. 

Scanning at the studio and scanning on a television 
must be in step. In order to do this, a pulse generator 
triggers the horizontal and vertical oscillators at the 
studio. This same pulse is also sent over the air and 
received by the television set. This pulse, known as the 
SYNCHRONIZATION PULSE or SYNC PULSE, 
triggers the oscillators in the receiver and keeps them 
at exactly the same frequency. The HORIZONTAL 


Fig. 21-2. This is a portion of the interlace scanning system 
used in television. There are actually 525 lines. 


l 
TRACE l l 


RETRACE RETRACE 


Fig. 21-3. The waveform of the voltages required for scanning 
and retrace. It is called a sawtooth waveform. 
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HOLD and VERTICAL HOLD controls on your TV 
are used to make slight, adjustments so that the 
oscillators can lock in with the sync pulses. 


COMPOSITE VIDEO SIGNALS 


The television signal received by TVs contains 
picture (video) and sound (aural) information. The 
video information is an AM signal. The audio infor- 
mation is an FM signal. An example of this process 
is shown in Fig. 21-5. 

All video signals are formed in the same way. In that 
way, a television may be used in any area. These stan- 


amt al ee ee ee Ce OP EE E | 


| 
L 


TRIAD 


Fig. 21-4. A deflection yoke fits around the neck of the televi- 
sion picture tube. 
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Fig. 21-5. The voltages developed as the camera scans one 
line across a checkerboard. The sync pulses are transmitted 
at the end of each line. 
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dards are set up by the FCC and are used by all TV 
broadcasting stations. 

The amplitude of the modulation is divided into two 
parts. The first 75 percent is used to transmit video in- 
formation. The remaining 25 percent is for the sync 
pulses. Also, a system of negative transmission has been 
adopted. This means that the higher amplitudes of 
video information produce darker areas in the picture. 
At 75 percent the picture is completely BLACK. In Fig. 
21-5 the percentage is shown on the left. 

As the beam scans the next black bar, a similar ac- 
tion takes place. At the end of the line, the screen is 
driven back to the BLACK PEDESTAL or BLANK- 
ING LEVEL. During this blanking pulse, beam flyback 
occurs and a sync pulse is sent in the blacker-than-black 
or infrablack region (upper 25 percent) for oscillator 
synchronization. A second line to be scanned would 
be an exact copy of the first unless the picture is 
changed. At the bottom of the picture a series of pulses 
trigger the vertical oscillator and keep it synchronized. 

Fig. 21-6 shows a composite (complete) video signal. 
The video information for one line between the blank- 
ing pulses is varying degrees of black and white. 

Compare the two video signals in Fig. 21-7. Signal 
A is made up mostly of bright objects. The average 
overall brightness of the scene is another form of the 
information sent to a TV receiver from the transmit- 
ter. It may be detected from the composite video signal. 


SYNC 


— BLACK LEVEL — 


VIDEO 
INFORMATION 


Fig. 21-6. The composite video signal of one line scanned by 
the television camera. 


AVERAGE 
DC 


Fig. 21-7. A comparison of a dark and a light picture as they 
appear in the video signal. A—Light signal. B—Dark signal. 
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BASIC CATHODE RAY TUBE CONTROLS 


The cathode ray tube (CRT) is used to produce 
images in most television sets. The CRT was discuss- 
ed in Chapter 13. Refer back to that chapter for review. 

Recall the theory of vacuum tube operation. The 
control grid determines the flow of electrons through 
the tube. In the CRT this is also true, Fig. 21-8. At 
zero bias the CRT is at maximum current. The screen, 
therefore, is bright or white. At cut-off bias, the cur- 
rent is zero and the screen is black. The tube is operated 
at a selected bias on the control grid. This bias may 
be controlled by the knob on the TV called the 
BRIGHTNESS CONTROL. 

When no picture is being received on the TV, the 
scanning electron beam can be seen in the form of lines 
on the TV screen. This is called the RASTER. Turn 
a TV to a vacant channel and observe this raster. Now 
adjust the brightness control from black to bright. The 
incoming, detected video signal is applied to the grid 
of the CRT (sometimes to the cathode, depending on 
polarity of signal). The video signal adds to or subtracts 
from the bias on the tube. This results in a modulated 
electron stream that conforms to the picture informa- 
tion in the video signal. The picture is produced on the 
fluorescent screen. 

The sharpness or focus of the electron beam may 
be adjusted by changing the voltages of the focusing 
grids. These controls are often found on the rear of 
the TV. They require adjustments from time to time. 
Refer to Fig. 21-8 again. Find the centering magnet. 


Slight adjustments on this magnet will correct a picture 
that is off center. 


NEGATIVE ION EMISSIONS 


When the cathode in the cathode ray tube emits elec- 
trons, negative ions are also emitted. Since the negative 
ions have a greater mass than the electrons, they are 
not deflected as much. This action could cause an ion 
bombardment in the center of the picture tube. This 
is called an ION SPOT (brown spot). It is about one 
inch in diameter. 

Many studies have been conducted to find a solu- 
tion to this problem. One method uses an aluminized 
picture tube. The tube has an aluminum film on the 
electron gun side of the screen. This film protects the 
screen from ion bombardment. It also improves the 
sharpness of the picture. 


REVIEW QUESTIONS FOR SECTION 21.1 


. Briefly explain how a television camera works. 
_is the point-to-point examination of 
a picture. 
. One scan of 262 1/2 lines represents a 


. Whatis a deflection yoke and what isits ee, 

. The_____________ triggers the oscillators 
in the receiver and keeps them at exactly the 
same frequency. 

. What is a raster? 
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Fig. 21-8. Study this sketch of a CRT. Note the electron gun. 
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21.2 TELEVISION RECEIVERS 
BLACK AND WHITE TV RECEIVER 


Fig. 21-9 shows the parts of the television receiver. 
This block diagram shows the links between the parts 
of the television. Trace the signal path through the 
stages. The purpose of each group of components will 
be apparent. The name of each block reflects is pur- 
pose in the circuit. 

The RF AMPLIFIER serves a function similar to 
that in the superheterodyne radio. The incoming televi- 
sion signal is chosen by switching fixed inductors into 
the tuning circuit. These tuned circuits provide constant 
gain and selectivity for each television channel. In this 
stage the video signal, with all its information, is 
amplified and fed to the mixer. 

In the MIXER stage, the incoming video signal is 
mixed with the signal from a local oscillator to pro- 
duce an intermediate frequency. The commonly used 
IF is 45.75 megahertz. When the channel selector switch 
is turned on to a channel, the tuning circuit is changed. 
The frequency of the oscillator is also changed, always 
producing the IF of the correct frequency. A FINE 
TUNING changes the frequency of the oscillator slight- 
ly in order to provide the best response. 

The RF amp, mixer, and oscillator are combined in 
one unit. It is called the TUNER or FRONT END of 
a television. These units are usually put together in the 


ANTENNA 


RF MIXER PIX PIX PIX VIDEO VIDEO 
AMP. IF AMP. IF AMP. IF AMP. DETECTOR AMP 


LOCAL 
i SYNC 
—— 


SYNC 
SEPARATOR 
LOW VOLTAGE 
POWER SUPPLY 


H 
AFC 


factory. Adjustments should not be made on these units 
unless you have the correct instruments and thorough 
knowledge of procedures. 

The PIX-IF AMPLIFIERS amplify the output of 
the mixer stage: the 45.75 megahertz intermediate fre- 
quency, the video and aural information. To provide 
maximum frequency response for each stage up to 
45.75 MHz, each stage must amplify a broad band of 
frequencies. The voltage gain of each stage is reduced. 
More stages of IF amplification are required. In this 
system, the sound is passed through the IF amplifier 
with the video signal. It is called the intercarrier system. 

The output from the last IF stage is fed to the 
VIDEO DETECTOR or DEMODULATOR. The 
detection process is the same as in the radio. The video 
signal used to amplitude modulate the transmitted 
carrier wave is separated and fed to the next stage. 

In the VIDEO AMPLIFIER stages, the demodulated 
video signal is amplified and fed to the grid (sometimes 
cathode) of the CRT. This signal modulates or varies 
the strength of the electron beam and produces the pic- 
ture on the screen. 

The FM sound signal is amplified in the SOUND IF 
AMPLIFIER. Later in this chapter you will learn that 
the FM sound of the television program is separated 
from the video carrier wave by 4.5 megahertz. This 
produces a 4.5 MHz FM signal at the output of the 
video detector, which is coupled to the sound IF 
amplifiers. 


SOUND FM AF 


Vv 
OSCILLATOR 
H 
OSCILLATOR 


INTEGRATION 
NETWORK 


HIGH VOLTAGE 
RECTIFIER 
DAMPER 


Fig. 21-9. A block diagram of a TV receiver. 
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The FM AUDIO DETECTOR detects the frequency 
variations in the modulated signal and converts them 
to an audio signal. 

AF AMPLIFIERS are the same as those used in the 
conventional radio or audio system. The audio signal 
is amplified enough to drive the power amplifier and 
the loudspeaker. 

The output of the video amplifier is fed to the SYNC 
SEPARATOR. This circuit removes the horizontal and 
vertical sync pulses that were transmitted as part of the 
composite video signal. These sync pulses trigger the 
horizontal and vertical oscillators and keep them “in 
step” with the television camera. 

The SYNC AMPLIFIER is a voltage amplifier stage 
that increases the sync pulses. 

In the HORIZONTAL AFC, the horizontal 
oscillator frequency is compared to the sync pulse 
frequency. If they are not the same, voltages are 
developed that change the horizontal oscillator to the 
same frequency. 

The HORIZONTAL OSCILLATOR operates on a 
frequency of 15,750 Hz. It provides the sawtooth 
waveform needed for horizontal scanning. 

The HORIZONTAL OUTPUT stage correctly 
shapes the sawtooth waveform for the horizontal 
deflection coils. It also drives the horizontal deflection 
coils and provides power for the high voltage rectifier. 

The output of the horizontal oscillator shocks the 
HORIZONTAL OUTPUT TRANSFORMER (HOT). 
The high ac voltage developed by this autotransformer 
is rectified by the HIGH VOLTAGE RECTIFIER and 
is filtered for the anode in the CRT. See Fig. 21-10. 


TRIAD 
Fig. 21-10. A horizontal output transformer (HOT). 


The DAMPER stage dampens out oscillations in the 
deflection yoke after retrace. It also rectifies part of 
the ac for a boosted B+ VOLTAGE. Part of this 
damper voltage is used in the horizontal scanning as 
reaction scanning. 

The output of the sync amplifier is fed through a 
vertical intergration network to the VERTICAL 
OSCILLATOR. The integrator is an RC circuit de- 
signed with a time constant. The integrator builds up 
a voltage when a series or groups of closely spaced sync 
pulses occur. 

The transmitted vertical pulse is a wide pulse. It 
occurs at a frequency of 60 Hz. The vertical oscillator 
is triggered by this pulse and, therefore, keeps on 
frequency. 

The output of the vertical oscillator provides the 
sawtooth voltage to the deflection coils. The deflec- 
tion coils move the beam from the top to the bottom 
of the screen and the flyback from bottom to top, at 
the end of each field. 

The VERTICAL OUTPUT amplifier is used by the 
output of the oscillator to provide the proper currents 
in the deflection yoke for vertical scanning. 


Special purpose circuits 

The basic television circuit has been improved in 
many ways. Automatic controls have been designed for 
many functions which would be tiresome for the TV 
viewer to manage. A few of these improvements are 
mentioned in the following paragraphs. 

DC RESTORATION. The average darkness or 
brightness of a TV picture is transmitted as the average 
value of the de component of the video signal. If the 
video amplifiers are RC coupled, the de value of the 
signal is lost. In this case, the average value of the video 
signal is taken from the detector and used to set the 
bias on the CRT. 

AUTOMATIC GAIN CONTROL. The AGC serves 
the same function as the AVC in the radio receiver. 
Its purpose is to provide a fairly constant output from 
the detector by varying the gain of the amplifiers in 
previous stages. This is done by rectifying the video 
signal to produce a negative voltage. This voltage is 
applied to the bias of the previous amplifiers to change 
their gain. 


COLOR TV RECEIVER 


Color television was developed in the late 1940s. The 
system currently used in the United States was 
pioneered by RCA Laboratories. In March, 1950, a 
color television demonstration was given in 
Washington, DC to FCC personnel, reporters and 
other interested people. As a result of this demonstra- 
tion, color television development was launched. 
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An invention that made color television possible was 
the SHADOW MASK PICTURE TUBE, Fig. 21-11. 

The three basic colors used in color television are 
red, blue, and green, Fig. 21-12. By combining these 
colors, any color can be produced on the screen. 


FOCUS ELECTRON GUN 


TEMPERATURE— 
COMPENSATED APERTURE 
(SHADOW) MASK 


The first color picture tube produced for retail sale 
was the DELTA-TYPE tube. It was invented in 1950. 
It was basically the same tube used in the color televi- 
sion demonstrations given by RCA Laboratories in 
Washington, DC. 
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Fig. 21-11. Study this color picture tube. 
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Fig. 21-12. Red, blue, and green are the basic colors used in television. 
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The delta-type tube uses three electron guns placed 
in the neck assembly of the picture tube. The electrons 
are emitted by the three guns toward the screen. The 
screen is filled with hundreds of thousands of dots con- 
taining the colors red, blue, and green. In between the 
electron gun and the color producing screen, the three 
electron beams are focused through an aperture or 
shadow mask, Fig. 21-13. This shadow mask assures 
that the electron beams strike the dots properly. 

A line is made by one complete scan (from left to 
right) of all three electron beams hitting all the dots 
across the screen. If all electron beams are adjusted 


DELTA-TYPE 
ELECTRON GUN 


CIRCULAR 
APERTURE MASK 


PHOSPHOR SCREEN 
SYLVANIA-GTE 


Fig. 21-13. A delta-type gun, shadow mask, and tri-dot screen 
arrangement. 
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properly, the result will be a white line. A color line 
can be made by mixing the electron beams. 

IN-LINE gun assemblies were invented after the 
shadow mask tube. Fig. 21-14 shows four in-line gun 
assemblies with different aperture grill and screen 
patterns. 

A color television receiver is a very complex instru- 
ment. It has to be able to produce both color and black 
and white pictures. The incoming signal must work with 
black and white sets also. Fig. 21-15 shows a block 
diagram of a color television receiver. 


THE TELEVISION CHANNEL 


The FCC has assigned a channel of the radio 
frequency spectrum for each television channel. There 
aretwo types of television channels: very high frequency 
(VHF) and ultra high frequency (UHF). Each channel 
is 6 MHz wide. 

The VHF channels, 2 to 13, are shown in Fig. 21-16. 
Examine channel 4, Fig. 21-17. 

The basic video carrier frequency is 67.25 MHz. 
Recall that when an RF carrier wave is amplitude 
modulated, sideband frequencies appear. These stand 
for the sum and difference between the carrier 
frequency and the modulating frequencies. 

To send a very clear, sharp picture, frequencies of 
at least 4 MHz are needed for modulation. These 
frequencies combine in channel 4 for a band occupancy 
of 63.25 MHz (67.25 — 4 MHz) to 71.25 MHz (67.25 
+4 MHz). It is a total channel width of 8 MHz. But 
the FCC allows only 6 MHz. A compromise must be 
made. 
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Fig. 21-14. In-line color tubes. A— Three gun with circular aperture. B— Three gun with rectangular aper- 
ture. C—Unitized gun with slot aperture. D— Sony Trinitron with one gun and grille aperture. 
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Fig. 21-15. The RCA CTC-40 color receiver. 
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Fig. 21-16. VHF frequency assignments. 
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Fig. 21-17. Shown are the locations of the picture carrier and 
sound for channel 4, VHF. The channel is 6 MHz wide. 
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In commercial TV broadcasting the upper sideband 
is transmitted without attenuation. The lower sideband 
is partly removed by a vestigial-sideband filter at the 
transmitter. The curve in Fig. 21-17 shows the basic 
response traits of the TV transmitter. The sound is 
transmitted as a frequency-modulated signal at a center 
frequency 4.5 MHz above the video carrier. In chan- 
nel 4 the sound is at 71.75 MHz. 

The ultra high frequency (UHF) television band 
covers from channel 14 to 83. As in VHF, the band- 
width of each channel is 6 MHz. The same frequen- 
cies bandwidths are used for the picture carrier as VHF. 

The UHF channels used for commercial TV are set 
by the FCC. See Fig. 21-18. 


CHANNEL NUMBER FREQUENCY BAND 
(MHz) 


470-476 
476-482 
482-488 
488-494 
494-500 
500-506 


884-890 


Fig. 21-18. Examples of some ultra high frequency (UHF) 
channels and where they are located in the frequency band. 


REVIEW QUESTIONS FOR SECTION 21.2 


1. What is the purpose of an RF amplifer in a 
television receiver? 
2. The output of the mixer stage is amplified by 
the: 
a. PIX-IF amplifier. 
b. Video amplifier. 
c. AF amplifier. 
d. None of the above. 
el ener Se SES the 
horizontal oscillator output to shock the hori- 
zontal output transformer. 
. What is the purpose of a shadow mask? 
. A Sony Trinitron color tube uses a 
aperture. 
. Each TV channel bandwidth is: 
a. 6 Hz. 
b. 60 MHz. 
c. 6 MHz. 
d. None of the above. 


21.3 TELEVISION INNOVATIONS 
VIDEO CASSETTE RECORDERS 


Video cassette recorders (VCRs) are very popular and 
useful. VCRs can be used to play rented videotapes. 
Or they can be used to show your own movies made 
with video recorders. There are two types of tape for- 
mats: VHS and Beta. 

Most VCRs have two HEADS. A video head is a 
tiny electromagnet that reads information from the 
recorded tape during playback. It writes information 
onto the tape during recording. More costly VCRs can 
have up to seven heads. These extra heads are used for 
better sound and picture quality. Many VCRs also 
come with a remote control, Fig. 21-19. 


GOLDSTAR 
Fig. 21-19. A VHS format video recorder with remote control. 


ADVENT 


SONY ELECTRONICS CORP. 


Fig. 21-20. Top. The three gun projection cabinet used to pro- 
ject a large screen image. Bottom. With new projection TVs, 
the electron gun assembly is contained in the cabinet. 


LARGE SCREEN PROJECTION TV 


Most large screen projection TVs use a special elec- 
tron gun assembly that projects three separate images 
onto a curved screen, Fig. 21-20. Fig. 21-21 shows how 
the electron gun is assembled. 


358 


Television 


PHOSPHOR COATED 
INTERNAL SCREEN 
(RED, BLUE, OR GREEN) 


IMAGE PROJECTED 
TO 4 1/4 x 5 2/3 FEET 
SCREEN 


ELECTRON 
BEAM 


CORRECTOR 
LENS 


ELECTRON 
GUN 


SPHERICAL PROJECTION 
MIRROR 


ADVENT 


Fig. 21-21. Projection tube for a large screen television. 


SATELLITE TV 


Arthur C. Clarke first introduced the idea of 
launching satellites to improve communications. He did 
this in an article in the Fall, 1945 issue of “Wireless 
World” magazine. He stated that if satellites could be 
launched high enough (35,880 kilometers or 22,300 
miles) above the equator, they would be in geosta- 
tionary orbit. GEOSTATIONARY ORBIT means an 
object rotates with the earth. 

The first communications satellite, Telestar I, was 
launched by the National Aeronautics and Space 
Adminstration (NASA) in 1962. It was a small, exper- 
imental satellite which only operated a few hours each 
day. This satellite made communication between the 
United States and Europe possible. In April, 1965, 
NASA launched the first commercial satellite, Early 
Bird. This satellite was owned by the International 
Telecommunications Satellite Organization (IN- 
TELSAT), a group created in 1964. Now there are 
many satellites in orbit allowing for television, 
telephone, radio, data, and other communications 
messages. 

Rockets place satellites into space. There they are 
deployed and the circuits are activated, Fig. 21-22. Fig. 
21-23 shows an SBS communications satellite now in 
orbit. This satellite was designed to provide voice, video 
teleconferencing, data, and electronic mail services to 
U.S. businesses. 

From its synchronous orbit 22,300 miles above the 


equator, AUSSAT, Australia’s first national com- Sr % : . À À ; ' 
munication satellite, links that entire country and a e HUGHES COMMUNICATIONS, INC. 
Papua, New Guinea, through an advanced telecom- Fig. 21-22. The launching of the Hughes communication 
munications system. See Fig. 21-24. When the satellite Leasat 4 satellite. 
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Fig. 21-23. A Satellite Business Systems (SBS) satellite being 
prepared for launch. 


HUGHES COMMUNICATIONS, INC. 


is in orbit, the antennas point south, making the 
spacecraft look upside down if viewed from earth. 
Refer to Fig. 21-25. It shows the inside of a satellite. 
A traveling wave tube amplifier increases the strength 
of the communication signal for its broadcast back to 
earth. It is being adjusted by an engineer. The amplifier 
is onboard a communication satellite. This is the first 
satellite built to carry both standard traveling wave 
tubes and new solid state power amplifiers (left). These 
are expected to be more reliable and have a longer life. 
The parts of a satellite are shown in Fig. 21-26. Fig. 
21-27 shows satellites in orbit over North America. 


Satellite transmission 

Once a signal is made by a communication station 
on earth, it is beamed up to the satellite. The satellite 
picks up the signal on its receiving antenna. The satellite 
then amplifies the signal and sends it back down to 
earth, Fig. 21-28. The signal sent up from the studio 
to the satellite is a narrow, targeted signal. The signal 
sent down from the satellite is a wide signal designed 
to cover a large area of the earth. 

The signal transmitted by the satellite is picked up 
on earth by a receiving dish or parabolic antenna. The 
dish focuses the received signals into a small area called 
the FOCAL POINT. The FEEDHORN is located here, 
Fig. 21-29. Located near the feedhorn is a low noise 
amplifier (LNA) that amplifies the received signal. The 
signal is then fed through a piece of electrical coaxial 
cable to the TV receiver. A coaxial cable has a con- 


HUGHES COMMUNICATIONS, INC. 


Fig. 21-24. A communications satellite used for communication in Australia. 
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HUGHES COMMUNICATIONS, INC, 
Fig. 21-25. Looking inside a communications satellite. 
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HUGHES COMMUNICATIONS, INC. 
Fig. 21-26. Parts of the Telstar lll satellite. 
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Fig. 21-27. Stationary communication satellites in orbit over 
North America. 
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Fig. 21-28. Study the operation of a satellite. 


ductor inside another conductor. Each is insulated from 
the other. 

Fig. 21-30 shows common dish designs. Motors are 
often used to move dishes. This way, more than one 
communication satellite can be received or the dish can 
be lined up with a particular satellite. 

A satellite receiver is shown in Fig. 21-31. This 
receiver can be programmed with infrared remote 
control. Complex circuitry allows the user to store 
satellite positions, polarity, frequencies, and tuning 
voltages into memory. The programmed information 
can then be recalled from the unit’s front panel or the 
remote control unit. Other remote control functions 
include volume control with mute, direct or scan 
channel selection, and video fine tuning. 
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Fig. 21-29. A parabolic or dish antenna. Study the parts. 
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Fig. 21-30. Common dish designs. 
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Fig. 21-31. A satellite receiver. 
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CABLE TV 


Cable television has become very popular in many 
areas. The viewer pays a monthly fee for the recep- 
tion of more channels. Cable television is a video 
distribution system. TV signals are sent through coaxial 
cable to homes, businesses, schools, and other 
subscribers. 


REVIEW QUESTIONS FOR SECTION 21.3 


1A is an electromagnet that reads 
information from a recorded tape. 
. How is an image projected onto a large screen 
TV? 


. Who first proposed the concept of communica- 
tion satellites? 
. How does a receiving dish work? 


SUMMARY 


1. A television picture is produced by scanning an 
image onto a cathode ray tube using a television 
camera. 

2. Scanning is the point-to-point examination of a 
picture. 

3. The scanning system used in the United States is the 
interlace system. It consists of 525 scanning lines. 
Scanning starts at the top left hand corner of the 
picture. It scans from left to right on the odd 
numbered lines (1,3,5,7, etc.) and then the even 
numbered lines (2,4,6,8, etc.). All of this takes place 
30 times per second. 

4. Black and white signals are made by a single color 
picture tube. Color signals are made by a three color 
(red, blue, and green) picture tube. 

5. The bandwidth of a TV signal is 6 megahertz. The 
VHF band covers channels 2 through 13. The UHF 
band covers channels 14 through 83. 

6. Video cassette recorders are used for playing 
movies or tapes. 

7. The image on a large screen TV is made by project- 
ing three color images onto a curved screen. 

8. Satellite TV is used for communication worldwide. 
This is done by satellites that orbit the earth in a 
geostationary position. 


TEST YOUR KNOWLEDGE, Chapter 21 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 
1. The dots that make up a picture are called 


2. Briefly explain the interlace scanning system. 
3. What causes an electron beam to move from left 
to right? 


4. The speed of an electron stream from an electron 
gun is increased by: 
a. Grids. 
b. Target plates. 
c. Scanning. 
d. None of the above. 
5. A composite video signal contains the: 
a. Video information. 
b. Sound information. 
c. Both of the above. 
d. None of the above. 
6. The A 
duce images in most televisions. 
7. What is an ion spot? 


is used to pro- 


MATCHING QUESTIONS: Match the following 

definitions with the correct terms. 
a. Sync separator. d. Vertical oscillator. 
b. Sync amplifier. e. Video amplifier. 
c. Mixer. f. Horizontal AFC. 

8. The output of this device provides the sawtooth 
voltage to the deflection coils. 
9. Removes the horizontal and vertical sync pulses 

transmitted as part of the composite video signal. 

10. Compares the frequencies of the horizontal 
oscillator and sync pulse. 

11. Amplifies the demodulated picture signal and feeds 
it to the grid of the CRT. ey: 

12. Combines the incoming video signal with a local 
oscillator signal. 

13. A voltage amplifier stage in which the sync pulse 
is increased. 

14. What are the three colors used to produce a color 
TV image? 

15. What is the purpose of having more than two heads 
on a VCR? 


FOR DISCUSSION 


1. Discuss the function of each of the following con- 
trols found in a TV receiver. State the circuit which 
is regulated by each control. 

. Horizontal hold. 

. Brightness. 

. Vertical hold. 

. Fine tuning. 

Channel selector. 
Vertical linearity. 
. Horizontal linearity. 
. Height control. 
Contrast. 

. Width control. 

2. Explain the process of negative transmission used 
in television in the U.S. 

3. How does the vertical integration network separate 
the vertical sync pulse? 

4. If dc amplifiers were used in the video section, 
would dc restoration be necessary? 


a o 
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. Why are both UHF and VHF channels needed for 7. Discuss what you think television will be like in the 


television? year 2000. 
. Research and discuss the various types of color pic- 8. How did development of the shadow mask picture 
ture tubes. tube promote the reality of color TV? 


SONY ELECTRONICS CORP. 


As technology has progressed, appliances such as the 
television have become small enough to fit comfor- 
tably in one hand. 
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SONY ELECTRONICS CORP. 


Televisions are constantly changing. Today's TVs offer flatter 
and larger picture tubes. 


FIRST LINE SECOND LINE 


THIRD LINE 


Videotape is scanned on a slanted line. This provides a high speed 
for the record/play head relative to the tape. 


365 


Electricity and Electronics 


Date) Week 3 of Jul 1992 
Funds! “42788 ins 


sae anne eee 


] 
{ 
| 
j 
i 
1 


ptr iran 


| 
| 


A Tornado has 
touched donn 


Computers perform a variety of functions in our society. This program 
simulates owning a farm. 


Computers are based on binary arithmetic (1 or O). Each has memory (RAM and/or ROM), 
an arithmetic logic unit (ALU), input, output, address buses, and data buses. With suitable 
interfaces, (circuits between the computer and the outside world), the computer can 
analyze both analog and digital information. Circuit frequencies as high as 400 MHz are 
possible. At these frequencies, even the capacitance of a 1/16 in. solder connection can 
distort the signal. The inductance of a single wire that is bent partially around a tran- 
sistor or an integrated circuit chip can distort signals. To help prevent distortion, printed 
circuit board construction is used. 


366 


Chapter 22 
COMPUTERS 


After studying this chapter, you will be able to: 
Outline the evolution of computers. 
List key inventors, inventions, and events in the 
evolution of computers. 
Name the basic pieces of equipment that make up 
a working computer. 
Explain the functions and uses of these various 
pieces of equipment. 


In this age of information and technology, com- 
puters affect our lives in nearly every way. They assist 
us in education, Fig. 22-1. Computers help predict 
weather patterns. They assist in the making of music. 


They are also a form of entertainment, Fig. 22-2. They  ” i EOM ON SINE ATENA 
allow for safer travel in the air and on the highways. Fig. 22-2. Computer games often serve two functions: they 
They make high-speed communication possible. They are entertaining and educational. 


also play a key role in our country’s defense, Fig. 22-3. 


APPLE COMPUTER 
Fig. 22-1. Drafting students learn to do a great deal of work 


on personal computers. This work used to be done by hand , = 
and was quite time consuming. Fig. 22-3. This electronic brain is used in a defense system. 


HUGHES DATA SYSTEMS 
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Computers help make manufactured products more faster than any other technology. Each year computers 
dependable and less costly. They help us calculate become more powerful, less costly, and easier to use. 
faster, and with much more ease, Fig. 22-4. In addi- See the chart in Fig. 22-6. 
tion, they make offices and other work places more 
efficient, Fig. 22-5. These are only a few of the hun- 
dreds of useful tasks computers perform. 

Over the past few years, computer science has grown 


Fig. 22-4. This programmable calculator is very useful in I beOn 


computer science and digital electronics applications. Fig. 22-5. Modern offices are helped by the use of computers. 


TECHNOLOGY Vacuum tubes Transistors Solid Logic Technology} Monolithic memory } High-capacity memory 
Magnetic cores Channels Large, fast disk files Monolithic logic chips 
Magnetic tape Faster cores New channels Virtual Storage Very dense logic 
Magnetic drum Faster tape Larger, faster core Virtual Machine packaging 
memory Larger, faster disk files] Extended Architecture 
Faster tape New channels Thin film head disk 
Advanced tape technology 
Magnetic cartridge 
mass storage 


PROGRAMMING Stored program Overlapped input/ Operating system Advanced operating | Full-function advanced 
output Faster batch systems operating systems 
Batch processing processing Virtual Storage Multiprocessing 
Virtual Machine Advanced networking 
Multiprogramming products 
Batch, plus on-line Extended Architecture 
processing Comprehensive data 
base facilities 
Interactive, user- 
oriented functions 


IBM 


Fig. 22-6. This chart shows the time and cost for a large IBM computer to complete a fixed amount of data processing. 
Compare the differences in numbers for each year. New technology is the reason for the lowered costs. 
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22.1 HISTORY OF COMPUTERS 


One of the oldest examples of a computer is 
Stonehenge. This monument was constructed from 
2800 to 1100 BC, Fig. 22-7. Some scientists Say it was 


DEPARTMENT OF THE ENVIRONMENT, GREAT BRITAIN 
Fig. 22-7. Stonehenge is located in southern Great Britain and 
is thought to be one of the earliest computing instruments. 
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Fig. 22-8. Many arithmetical functions can be done on an 
abacus. 


used as a counting machine. For example, dates and 
time were set based on the position of shadows created 
by the stones. 

The Chinese abacus is another simple computer, Fig. 
22-8. Using movable beads, numbers can be added, 
substracted, multiplied, and divided. The abacus is still 
very common in Asia. Some abacus operators com- 
pute faster than people using calculators. 

In 1617, John Napier invented a pocket-sized device 
for multiplication. It was called Napier’s Bones. 
Numbers were printed on square rods that could be 
moved. Answers were found by adding numbers in 
horizontal, side-by-side sections. 

In 1642, a Frenchman names Blaise Pascal invented 
an arithmetic machine. His father was a tax collector. 
They used the machine for addition and subtraction. 

In 1822, an English inventor named Charles Bab- 
bage invented what is now thought of as the first 
modern computing machine. It was called the Dif- 
ference Engine. It was designed to add numbers and 
store the results at each stage in the calculations. 
However, it never worked due to mechanical problems 
in machining accuracy. 

In 1833, he designed another device called the 
Analytical Engine. It was the forerunner of the pro- 
grammable computer. This machine was not built. 
However, Babbage’s ideas and research for these 
machines were the basis for modern computers. 

In 1890, an American inventor, Herman Hollerith, 
designed an improved process for tabulating U.S. Cen- 
sus returns. Numbers were entered on punch cards. 
Data could be processed much more quickly. In 1925, 
Hollerith developed the card which is the model for 
current computers, Fig. 22-9. 

Hollerith went on to form the Tabulating Machine 
Company. It was one of the firms that later became 
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Fig. 22-9. This IBM computer punch card is a Job Control Card used in the System 360. 


369 


Electricity and Electronics 


part of International Business Machines Corporation, 
or IBM. The basic Hollerith concept remained the basis 
of the information processing industry through World 
War II. 


TWENTIETH CENTURY COMPUTER 
DEVELOPMENTS 


Pre-World War I 

The 1930s saw progress being made in computer 
theory. In 1936, Claude Shannon developed a thesis 
that laid a foundation between symbolic logic and elec- 
trical circuits. In 1944, Dr. Howard Aiken of Harvard 
University and IBM, completed five years of work on 
the Mark I. It was the largest electromechanical 
calculator ever built. It had 3300 relays and weighed 
five tons. Mark I could multiply two, 23-digit numbers 
in six seconds. 

Electromechanical calculators such as the Mark I, 
however, were too slow for the pace of the postwar 
world. Users wanted speed. The vacuum tube reponded 
to that demand. Vacuum tubes could be turned on and 
off like a controlled switch. They could count 
thousands of times faster than moving mechanical 
parts. 


Post-World War Il 

In 1945, John von Neumann developed the architec- 
ture of modern computers. He stated that each 
computer should have four basic pieces of equipment. 
They arc the central processing unit, an input device, 
an output device, and storage. 

Between 1946 and 1952 a number of electronic 
calculators and computers emerged in rapid order. The 
world’s first large electronic computer was developed 
in 1946 at the University of Pennsylvania by J. Presper 
Eckert and John Mauchly. In contained 18,000 vacuum 
tubes. It was called ENIAC. 

The IBM Selective Sequence Electronic Calculator 
was completed in 1947. It contained both vacuum tubes 
and relays. It was more than 100 times faster than the 
Mark I. It was the first IBM computer that stored 
programs. It could select a calculating sequence by 
modifying its own stored instructions. In 1946 vacuum 
tube computers could multiply two, 10-digit numbers 
in 1/40th of a second. By 1953, the same calculation 
could be done in 1/2,000th of a second. 

Vacuum tube computers are thought of as the first 
generation of electronic computers. These computers 
were much faster than the older electromechanical com- 
puters. However, vacuum tubes were large and bulky. 
They required large amounts of voltage and current 
(power). They gave off large amounts of heat. They 
were very fragile. And they were not very reliable. 


In 1947, the transistor was invented at Bell 
Laboratories (refer back to Chapter 13). The transistor 
was 1/200th the size of the vacuum tube. It was faster 
and could be packaged compactly. Because it was made 
of a solid substance, it was far more reliable and 
rugged. During operation it created much less heat than 
a vacuum tube. Transistors were used in computer cir- 
cuits starting in the late 1950s. Computers could now 
multiply two, 10-digit numbers in 1/100,000th of a 
second. The second generation of computers was made 
possible by the transistor. 

In the early 1950s, there was a demand for faster 
and cheaper storage and memory devices. As a result, 
research and development in magnetic storage devices 
increased. This research created magnetic disks and 
drums for storage, magnetic cores for memory, and 
better materials for better magnetic tapes. Also in the 
1950s, a number of manufacturers introduced medium 
and large scale data processing equipment. 

In 1958, the integrated circuit (IC) was developed. 
This began the third generation of computers (refer to 
Chapter 13). However, it took a few years before the 
IC was used in a computer. In 1968, the Burroughs 
Corporation came out with the first computer using 
ICs. The IC made computers smaller, faster, more 
reliable, and cheaper to operate than earlier computers. 
ICs also had built-in memories. This added to their 
reliability and smaller size. 

All of this research and development resulted in the 
minicomputer and the microcomputer. 


MICROCOMPUTERS VS MINICOMPUTERS 


A large computer used in a business, industry, or 
university is called a MAINFRAME computer, Fig. 
22-10. A smaller, fixed version of the mainframe com- 
puter is the minicomputer. It has less memory than a 
mainframe. Minicomputers are often used by 
businesses and industries, Fig. 22-11. The first 
minicomputer, the PDP-8, was made by Digital Cor- 
poration in 1964. 

A MICROCOMPUTER is a computer whose CPU 
is contained on a single chip. Microcomputers are most 
often portable. They are commonly used for word pro- 
cessing, data analysis, creating graphics, and playing 
games. See Figs. 22-12 and 22-13. 


THE 1970s 


The 1970s were eventful years in computer history. 
During this decade, large scale integration (LSI) of ICs 
was developed. LSI meant a complete computer circuit 
could be built on a single silicon chip, Fig. 22-14, 
Advances were also made in computer memory tech- 
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Fig. 22-12. This microcomputer can be used to do word pro- 
cessing and more. 


INTEL CORP. 
Fig. 22-10. Mainframes perform many complex tasks in 
industry. 


KAYPRO 
Fig. 22-13. Advances are constantly being made in micro- 
computer technology. This microcomputer can fit in a briefcase. 


Intel Pentium™ Processor 


Fig. 22-11. Minicomputers are commonly used in small 
businesses. 


nology. Products such as floppy disks became available 
at low costs. 

The microprocessor was also developed in the 1970s. 
A MICROPROCESSOR is a complete processing unit 
contained on a single IC chip. In 1971, the Intel 
Manufacturing Company produced the first micro- 
processor for public sale. It was called the 4004. It had 
2250 components. It could add two, 4-bit numbers in Fig. 22-14. This silicon chip (magnified many times} contains 
1/11,000,000th of a second. a complete computer circuit. 


INTEL CORP. 
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In November, 1972, Intel came out with an eight bit 
microprocessor, the 8008. This microprocessor was 
costly. It had only 16k (16,384) bytes of memory. 
About one year later, Intel came out with a much bet- 
ter microprocessor IC, the 8080. It was easier to use 
than the 8008. It had 64k (64,536) bytes of memory. 
Soon after the 8080 was introduced, Motorola in- 
troduced a competing microprocessor chip, the 6800. 
In addition, Zilog introduced the Z80. 

In 1973, the Scelbi Computer Consulting group 
offered the first make-at-home computer kit. It cost 
$595 and had an Intel 8008 microprocessor. A company 
called MITS from Albuquerque, New Mexico then 
offered a kit in January, 1975. The kit was called the 
Altair 8800. Two students, Paul Allen and Bill Gates, 
were hired by MITS to develop a simple software 
package to be used with the Altair. They invented a 
program known as BASIC (Beginners All-Purpose 
Symbolic Instruction Code). It is a very popular 
language. Later, the students formed their own 
company, Microsoft. Microsoft is a common name in 
the computer field. 

In September, 1975, IBM announced the first brief- 
case-sized computer. It was called the 5100 and had 
a 16k memory, a built-in monitor and tape cartridge 
storage. In April, 1976, the Apple Computer Company 
was formed by Stephen Wozniak and Steve Jobs, Fig, 
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22-15. Close behind, Radio Shack developed its first 
computer in February, 1977. IBM came out with its 
first personal computer (PC) in 1981. The microcom- 
puter industry race was on. 

Many integrated circuit advances were made in the 
late 1970s and early 1980s. Very Large Scale Integra- 
tion (VLSI) manufacturing meant newer and more 
powerful microprocessors. The Motorola 68000 chip 
used VLSI. It had about 70,000 components. It was 
a 16-bit chip. 

Memory sizes increased during this period, also. See 
Fig. 22-16. In 1981, Hewlett Packard developed a 32-bit 
chip. It had 450,000 components on a silicon chip less 
than 10 by 10 mm. This chip could multiply two, 32-bit 
numbers in 1/1,800,000th of a second. 

The future of computers is bright and exciting. 
Superchips are now on the market. They push the upper 
limits of component density and speed. In the near 
future, single-chip mainframe central processing unit 
(CPUs), 4 megabyte, dynamic random access mem- 
ories, and flat screen color monitors will be available. 
Gallium arsenide (GaAs) may become a commonly 
used semiconductor material. GaAs will provide 
increased microprocessor speed. 

In the past twenty-five years, the computer industry 
has moved from the margins to the center of our lives. 
The success of the computer is based on its ability to 
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Fig. 22-15. The Apple Computer Company has grown to become a giant in the computer field. 
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store and process large amounts of information. It can 
update and retrieve information and then send it across 
continents through communication satellites or 
telephone lines. It can calculate, compare, play, imitate, 
and monitor. It can do all these things and more with 
great ease and speed. 
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Fig. 22-16. This high speed chip has 64k random access 
memory (RAM). 


REVIEW QUESTIONS FOR SECTION 22.1 


. Who was the inventor of the Difference Engine 
and the Analytical Engine? 

. What is Herman Hollerith famous for 
inventing? 

. Who developed the architecture of modern 
computers? 

. What four pieces of equipment are basic to all 
computers? 
A + computers are thought 
of as the first generation of electronic 
computers. 

. The IC began the 
generation. 

. Define microcomputer and microprocessor. 


computer 


22.2 COMPUTER OPERATION 


Modern computers use the same basic equipment 
pieces devised by John von Neumann in the mid 1940s. 
He said that computers should be built as a single 
machine or system. However, they should contain 
equipment pieces designed and programmed to work 
as a unit. The basic equipment of any computer 
includes: 

1. An INPUT device for entering data into the system. 

2. An OUTPUT device for retrieving data. 

3. A CENTRAL PROCESSING UNIT (CPU) that 
includes an ARITHMETIC/LOGIC UNIT 
(ALU), a CONTROLLING UNIT (CU), and 
MEMORY. 

4. A STORAGE device. 

Fig. 22-17 shows how these pieces work together. 
Input can be any type of data: numbers, words, sym- 
bols, etc. Processing is done in a pre-set sequence. 


STORAGE 


PROCESS 
(USES MEMORY) 
* READ 
e SORT 
e CLASSIFY 
e CALCULATE 
e EDIT 
«SELECT 
e WRITE 


OUTPUT 
RESULTS 


Fig. 22-17. This diagram shows the flow of information 
through a computer. 
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Instructions (the program) are automatically followed 
by the computer. The programs are stored in the 
memory. Output can be printed material, data to other 
equipment, etc. 

A computer is a single machine. Engineers, however, 
often think of it as a number of machines. Each 
machine is designed and programmed to work as part 
of the system. Electronics students need to think of the 
computer system in terms of the constant change of 
data into electrical signals. These signals are sent back 
and forth among the machines that make up the total 
system. Large computers are often joined by cables 
with telephone lines. Microcomputers and minicom- 
puters tend to be more self-contained. 


INPUT/OUTPUT DEVICES 


The INPUT or OUTPUT devices either enter data 
into or retrieve data out of a computer. 

An input or output device is started by a program 
instruction that sends a command to an input or out- 
put (I/O) channel. Examples of these commands are 
ENTER (input) or PRINT (output). Any input or out- 
put device that is joined to the outside of the process 
unit is called PERIPHERAL equipment. 


Inputs 

Input devices sense and read data. Data can come 
from keyboards, magnetic or floppy disks, paper, or 
magnetic ink characters. Data can also come over 
telephone lines to modems. Modems serve as a link 
between computers exchanging data. See Fig. 20-18. 

Some input devices use manual entry only. A 
keyboard is an example, Fig. 22-19. Note that the 
keyboard has letters and other symbols that can be 
input to the computer. 

Some inputs use magnetic recording devices. 
Examples include floppy disks, magnetic tape, or 
magnetic ink characters inscribed on paper documents 
(like checks). 

Floppy disks come in a number of sizes. See Fig. 
22-20. The construction of a floppy disk is shown in 
Fig. 22-21. Study this drawing. 


TO 
PROCESSOR 


Fig. 22-18. Listed are some examples of inputs into the 
computer system. 


INPUT DEVICES MAY INCLUDE: 
e KEYBOARDS 
e FLOPPY DISKS OR 
MAGNETIC TAPE 
e MAGNETIC INK CHARACTERS 
e DATA FROM OTHER 
COMPUTERS USING MODEMS 
e LIGHT PENS 


Floppy disks used currently have a circle of very thin 
(.003 in.) polyester film with a recording surface of 
magnetic oxide. They can store as much as 3,200,000 
bytes (26,843,546 bits). That is over 1600 typewritten 
pages of information. 

A disk drive operates like a high-tech stereo turn- 
table, Fig. 22-22. However, a disk drive is much more 
complex, Fig. 22-23. The disk spins inside the drive at 
300 revolutions per second. An electromagnetic head 
moves across the disk’s surface through an opening in 
the jacket, called the HEAD WINDOW. It moves to 
position over one of the concentric tracks where the 
requested data is stored. The head can read informa- 
tion from the disk. It can also write new information 
for storage. Light passing through the index hole trig- 
gers a photoelectric signal. This matches up the record- 
ing or reading process with the rotation of the disk. 


Fig. 22-19. A keyboard is an example of a manual input 
device. 


MAXELL CORP. 


Fig. 22-20. Floppy disks come in several sizes. Left. 5 1/4 
inch disks. Right. 3 1/2 inch disks. 
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Fig. 22-21. Construction of a floppy disk. A—Liner cushions and cleans the disk. B— Magnetic disk spins inside the sealed 

jacket. C— Permanent label has information on disk type and product identification number. D— Removable label for user's 

information. E—Write-enable notch allows user to write new information when notch is exposed and protects information 

when notch is covered. F—Central window and central hole through which disk is rotated by drive. G—Index window (in 

jacket) and index hole (in disk) allow light beam in the drive unit to check disk position and rotation. H— Sealed jacket protects 

the magnetic material inside the disk. |—Head window allows the read/write head of the disk drive to come in contact with 
the disk. J—Relief notches position the disk and prevent window head distortion. 
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Fig. 22-22. Typical disk drive. 
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Fig. 22-23. Parts of the disk drive. 
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Magnetic ink characters are used by banks to read 
and process daily data transactions. These characters 
are printed on checks, Fig. 22-24. They are read by a 
machine with an electromagnetic head. The shape of 
each character is made up of either an open space or 
a space covered by magnetic ink. This gives each square 
a 0 or 1 value. 

Another common input process is telecomputing. 
This is done using modems. Modems allow computers 
to talk with each other, access information services, 
and send and receive messages. See Fig. 22-25. 


Outputs 

The processed results are fed to the output, Fig. 
22-26. Output devices record information on paper, 
magnetic tape, or disks. Output may also take the form 
of electrical signals. The signals can be sent over 
transmission lines to other computers. Outputs can also 
include graphic displays. Output devices vary depend- 
ing on what a computer system is designed to do. 

Computer printers come in a number of types. Many 
of these printers can print in color or in black and 
white. 


EACH SQUARE HAS A 
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WHETHER IT IS 
FILLED WITH INK 
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Fig. 22-24. Magnetic ink characters are used by banks and 
other industries to help tabulate data. 
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Fig. 22-25. This modem can connect one computer to another 
using telephone lines. 
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Dot matrix printers are popular, Fig. 22-27. They 
are fast and inexpensive. They also have a number of 
print styles. 

Dot matrix printers product dot images using pins. 
These pins are called a PRINTHEAD. The printhead 
is driven forward, into a ribbon, imprinting an image. 
The quality of the image will depend on either the 
number of pins in the printhead or the number of 
passes made by the printhead. See Fig. 22-28. 

Better image quality can be obtained from printers 
that use THIMBLE or DAISY WHEEL printheads. 
These printheads are made from high-quality plastic. 
When forced through the ribbon onto the paper, they 
produce a letter quality image. 

Ink jet printers shoot ink onto the surface of paper 
using an electric charge, Fig. 22-29. Ink jet printers 
work best when used with special paper that will absorb 
the ink. These printers are compact, quiet, and ideal 
for home offices. They are also ideal for printing 
graphics, Fig. 22-30. 

Plotters are used to make larger prints such as maps, 
charts, schematic drawings, and architectural plans. 


e PRINTERS 
e PLOTTERS 
FROM e MAGNETIC TAPE/DISKS 
THE e GRAPHICS MONITORS 
PROCESSOR | e TELEPHONE LINES TO 
a OTHER SYSTEMS 
e ELECTRICAL SIGNALS 
Fig. 22-26. The output devices of the computer provide the 


results of the processing of data. 
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Fig. 22-27. A dot matrix printer. 
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Fig. 22-28. Dot matrix printer operation. A—Printhead designs. B—Images created by dot matrix printer. 
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Fig. 22-29. This drawing shows how an ink jet printer 
operates. 
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Fig. 22-30. 


ROYAL CONSUMER BUSINESS PRODUCTS 


Graphics turn out nicely on this ink jet printer. 
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With some plotters, the paper moves back and forth Some printers use lasers to produce text, graphics, 
over the printing head or pen. Others print as the and other images. The laser printer shown in Fig. 22-32 
printing head or pen moves on a track system. Some is joined to three input devices. Any data is these three 
plotters create superb color work, Fig. 22-31. Plotters devices can be produced as output on the printer. Many 
are excellent for use in computers assisted drafting laser printers have unlimited fonts (type styles). They 
(CAD) applications. provide letter quality printing. 


HOUSTON INSTRUMENTS 
Fig. 22-31. Plotters can produce colorful, clear output. Left. Vertical plotters are used in computer assisted drafting (CAD). 
Center. This eight pin plotter produces excellent pie charts. Right. Smaller plotters are ideal for home use. 
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Fig. 22-32. This laser printer can accept input from three sources and produce output from each. 
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Magnetic tapes or disks are also a type of output. 
These are used when information is stored for periods 
of time. See Fig. 22-33. 

Data displayed on a video screen is another form of 
output. In this case the user may want to see the results, 
but does not need a copy, Fig. 22-34. 

Computer output can be fed into telephone lines or 
through transmission lines, such as optical fibers. These 
link the output of one computer to the input of another, 
or vice versa. 


CENTRAL PROCESSING UNIT (CPU) 


The central processing unit (CPU) controls the com- 
puter system. The computer SYSTEM consists of all 
the parts that work together to perform computer func- 
tions. These functions include directing data, 
calculating numbers, and performing logic functions. 
The CPU also has some memory in it. Refer to Fig. 
22-35. A CPU built on a single computer chip is called 
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Fig. 22-33. Magnetic tape and floppy disks are two types of 
outputs. 


DATA TO BE 
PROCESSED 


AUXILIARY 
/ DATA\ 


a MICROPROCESSOR. A MICROCOMPUTER is 
a computer built around a single microprocessor. 


Control unit 

The control unit (CU) acts like the traffic cop of the 
CPU. It directs and coordinates data moving 
throughout the CPU. The program being used (BASIC, 
Pascal, Fortran) will determine what will be done to 
the data. The control unit also finds and performs 
detailed instructions given by the stored program 
(stored in memory). The control unit then begins 
sending out data comands. These cause other sections, 
such as the I/O or arithmetic/logic unit, to perform 
functions at the proper time. 


IBM 


Fig. 22-34. A monitor is a computer's most used output 
device. 


RESULTS 
OF DATA 
PROCESSED 


Fig. 22-35. The basic building blocks, or architecture of a central processing unit include the 
control unit, the arithmetic/logic unit, and memory. 
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The control unit acts as the “brain” of the CPU. it 
directs all other sections or devices to do certain things. 
The control unit does not perform any data process- 
ing tasks. 


Arithmetic/logic unit 

The arithmetic/logic unit (ALU) contains the circuits 
that perform certain arithmetic functions. 

The logic unit carries out the decision making pro- 
cesses that change the sequence of instructions. The 
logic function tests out the conditions of the arithmetic 
processes and then takes the correct action. 


Memory 

Primary computer storage is memory. The memory 
for instructions and fixed data, which does not change, 
is called READ ONLY MEMORY (ROM). It contains 
the information stored by the manufacturer. This 
information helps the computer operate, recognize, and 
read what is typed or fed into it. 

Fig. 22-36 shows a VLSI integrated circuit with a 
ROM. The complete IC chip is shown in Fig. 22-37. 

Read only memory contents cannot be changed. 
Even if the power supply is turned off or the computer 
is unplugged, contents of ROM will be retained. This 
condition is called NONVOLATILE. 

The PROGRAMMABLE READ ONLY MEMORY 
(PROM) is programmed once after the computer is 
built. This memory provides ways of updating or 
changing instructions in ROM. 

RANDOM ACCESS MEMORY (RAM) can read, 
write, and temporarily store data when the computer 
is operating. New data entered into RAM erases old 
data. Since the memory is only temporary, data can 
be lost if a power supply is turned off or interrupted. 
This makes RAM VOLATILE. Some microcomputers 
have built-in lithium batteries to provide backup 
voltage if the power is lost. 


STORAGE DEVICES 


At times, data may need to be stored on a long term 
or permanent basis. Storage devices are used for this. 

Storage devices include floppy disks, magnetic tape, 
or magnetic drums. Fig. 22-38 shows a computer 
system with magnetic tape auxiliary storage units. The 
key reason for having auxiliary storage is to provide 
data storage in addition to the internal storage of the 
computer. 


MICROPROCESSORS 


A microcomputer is a computer built around a 
microprocessor. A complete microcomputer consists 


380 


INTEL CORP. 
Fig. 22-36. Inside a VSLI integrated circult. 
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Fig. 22-37. This is the 32 bit IC shown in Fig. 22-36. 


IBM 
Fig. 22-38. Magnetic tape units are sometimes used for aux- 
iliary storage. 
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of a microprocessor chip, memory interfaces for input 
and output, and a power supply. 

A complete microprocessor is shown in Fig. 22-39. 
It consists of a control unit, arithmetic/logic unit, 
ROM, RAM, input/output buffers, registers, address 
buffers, and a clock. 

The control unit fetches and decodes the instructions 
from ROM. The instructions will determine the action 
to be taken by the ALU. The control unit and ALU 
form the “common sense brain” of the microprocessor. 

ROM permanently stores the computer operating 
instructions. RAM stores data the microprocessor 
needs to perform a task. Once the task is complete, 
the data is deleted from RAM. 

The input/output buffers direct data into or out of 
the microprocessor. Registers are very fast memory 
units used to store data for the microprocessor. Ad- 
dress buffers supply the location (address) of an in- 
struction or of the next data item to be read. Address 
buffers also supply the location in which a data item 
should be written. 

The clock circuit is used to trigger and match up 
operations. 


SOFTWARE 


Software is a set of instructions used to run the com- 
puter. These instructions provide directions for pro- 
cessing, documenting, and operating. Preprogrammed 
software can be purchased for word processing, 
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STRANDWARE INC. 
Fig. 22-40. There are specialty software programs designed 
to perform thousands of different chores. 


accounting, data base management, graphics, office 
and project planning, games, etc., Fig. 22-40. Programs 
can be designed to fit the needs of the computer user, 
through computer languages such as BASIC. 


COMPUTERS IN THE FUTURE 
Computers will continue to become more powerful, 


easier to use, and less expensive. 
Integrated circuits will have greater storage. Their 


"computing speeds will increase and their cost will tend 
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to decrease. Gallium arsenide is likely to be a key semi- 
conductor material, along with silicon. 
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Printers, keyboards, monitors, and disk drives will 
become more advanced. Printers will provide better 
quality output. Keyboards will become more “user 
friendly.” Flat-screen monitors will become a reality. 
Smaller and more powerful floppy disks will be used. 
Hard drives will continue to grow and become less ex- 
pensive, Fig. 22-41. 

Software will be easier to use and buy. Also, there 
will be more variety in the marketplace. 

Smaller computers will be developed. Briefcase size 
computers have been common for some time. 
However, complete hand held computers will be 
available in the next few years. 

Computers have come a long way in the past 25 
years. But the future has even more to offer. 


REVIEW QUESTIONS FOR SECTION 22.2 


. Input devices include: 
a. Floppy disks. 
b. Magnetic ink characters. 
c. Keyboards. 
d. All of the above. 
. The processed results of a computer are fed to 
the 
. The eae 
of the CPU. 
. The type of computer memory stored by the 


acts like the traffic cop 


manufacturer and that cannot be changed is: 
a. RAM. 
b. ROM. 
c. PROM. 
d. All of the above. 

. What is the difference between nonvolatile and 
volatile memory? 


. An buffer supplies the location of an 
instruction or a data item. 
. What is software? 


SUMMARY 


1. The history of computers dates back to Stonehenge 
and the abacus. 

. Some early inventors of calculation machines were 
Pascal, Napier, and Babbage. 

. The Difference Engine, by Charles Babbage, was 
designed to add numbers and store the sums at 
each stage of calculation. 

. Herman Hollerith invented the punch card. It was 
the mainstay of data processing in the first half 
of the 20th Century. 
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Fig. 22-41. The inside of a microcomputers hard drive. 
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. John von Neumann developed the architecture of 


modern computers. 


. The first electronic computer, ENIAC, used 


vacuum tubes and was built in 1946. 


. Integrated circuits were developed in 1959. 


However, 9 years passed before they were used in 
electronic computers. 


. The first microprocessor was developed in 1971. 
. Microcomputers are computers built around a 


microprocessor. 
The four basic pieces of computer equipment are 
the: 
a. Input device. 
b. Central processing unit (CPU): 

— Control unit (CU). 

— Arithmetic/logic unit (ALU). 

— Memory. 
c. Output device. 
d. Storage. 
An input device feeds data into a computer. 
An output device obtains processed data from a 
computer. 
The control unit of the CPU supervises, directs, 
and coordinates the data entering the computer. 
The arithmetic/logic unit (ALU) performs certain 
arithmetic functions (calculations). It also makes 
decisions regarding the sequence of instructions. 
The memory in the CPU stores operating instruc- 
tions in ROM, and has working storage RAM. 
The read only memory (ROM) contains informa- 
tion that helps the computer operate and recognize 
(read and write) data that is fed into it. 


. The random access memory (RAM) is active 


memory. It can process, read, and write data. It 
also provides temporary storate of data, but only 
when the computer is operating. 


16. 
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Programmable read only memory (PROM) is 
installed after the computer is built. It has the same 
basic functions as ROM. 

A microprocessor is a complete CPU contained on 
one computer chip. 

Software is a set of instructions used to operate 
the computer. 


TEST YOUR KNOWLEDGE, Chapter 22 


Please do not write in the text. Place your answers 
on a separate sheet of paper. 
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This man was the inventor of a multiplication 
device that used movable square rods: 

a. Blaise Pascal. 

b. John Napier. 

c. Charles Babbage. 

d. None of the above. 

Who developed ENIAC? 


. What was the name of the first computer to store 


programs? 

List four disadvantages of vacuum tube computers. 
made the second generation of com- 
puters possible. 


. What is the difference between a minicomputer and 


a microcomputer? 


. What is meant by LSI? 


List three types of input devices and three types 
of output devices. 
Name the three major parts of a CPU. 


10. 


11. 


12 


13. 


14, 


15 


we 


The opening in a floppy disk jacket is called a: 
a. Window. 

b. Read window. 

c. Head window. 

EA 2 printers must be used with 
special paper that will absorb ink. 

The control unit (does, does not) perform any data 
processing tasks. 

The unit decides how and when to change 
the sequence of instructions. 

Name the three types of memory found in CPU. 
The main reason for having auxiliary storage 1s: 
a. To provide storage in addition to the internal 
storage of the computer. 

To provide enough storage to operate the 
computer. 

To provide additional computing power. 

All of the above. 


b. 


FOR DISCUSSION 


. What do you think computers will be like in the year 


2050? What will their appearance be? How will they 
differ from today’s computers? 


. Discuss the way in which computers affect your 


daily life. 


# 


. Is technology affecting our lives in a positive or 
negative way? Explain your answer. 

. Research a specific event or invention in the evolu- 
tion of computers. 


Ža w 
SIEMENS 


Modern trains use computers to control their operation and schedule. 
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Part VI Summary 


ELECTRONIC COMMUNICATION AND 
DATA SYSTEMS 


IMPORTANT POINTS 


1 


10. 


Ul, 


. A transmitter is an electronic device that sends 
information toward its destination. 

. Transducers, such as microphones or speakers, 
convert one form of energy to another (mechanical 
to electrical, electrical to mechanical). 


. Modulation is the process of adding an audio wave 


to a carrier wave. 
. In amplitude modulation (AM), the carrier wave 
amplitude is varied at the audio rate. 


. In frequency modulation (FM), the carrier wave 


frequency is varied at the audio frequency rate. 


. A receiver is an electronic device which picks up 


transmitted waves. 


. Ground wave radio waves are transmitted along 


the surface of the earth to radio receivers. 


. Sky waves are transmitted through the ionosphere 


to radio receivers. 

Demodulation, or detection, is the process of 
removing the audio portion of a signal from the 
carrier wave. 

A tuned radio frequency (TRF) receiver picks up 
a transmitted RF wave, amplifies it, detects or 
demodulates it, and amplifies the audio wave. 
A superheterodyne receiver mixes the incoming 
modulated signal with an unmodulated local 
oscillator signal. The result is an intermediate 
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12. 


13. 


14. 


15. 


16. 
lT 


18. 


19. 


20. 


PAW 


22 


frequency signal that carries the message. 

A television picture is produced by scanning an 
image onto a cathode ray tube using a television 
camera. 

Television uses FM for audio signals and AM for 
video signals. 

Black and white television signals are made by a 
single color picture tube. Color signals are made 
by a three color (red, blue, green) picture tube. 
There are two television bands in the U.S.: VHF 
(very high frequency) band, channels 2 through 13 
and UHF (ultra high frequency) band, channels 
14 through 83. 

Satellites handle many communication tasks. 
Three types of electronic computers are main- 
frames, microcomputers, and minicomputers. 
A microcomputer is a computer whose CPU is 
contained on a single chip. 

A minicomputer is a small, fixed version of a main- 
frame computer. It has less memory than a 
mainframe. 

A microprocessor is a complete processing unit 
contained on one chip. 

Basic computer equipment consists of an input 
device, an output device, a central processing unit 
(CPU), and a storage device. 

Software is a set of instructions used to run the 
computer. 


SUMMARY QUESTIONS 


l. 


Radio waves are grouped according to frequency. 
AM broadcast stations use the range. TV 
uses and ranges. A stereo 
operates in the frequency range. 


. What is the formula for determining percent of 


modulation? 


. A carrier wave has a peak value of 750 volts. A 


modulating signal causes amplitude variation from 
500 to 1000 volts. What is the percent of 
modulation? 


. A wave has a frequency of 27 MHz. What is its 


wave length? 


. Define selectivity and sensitivity. 


converts all incoming signals to a single 
intermediate frequency. 
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. Name two transducer devices in stereos. 
. An FM 


must produce a varying ampli- 
tude and frequency audio signal from an FM wave. 


. What is scanning? 
. The amplitude of the modulation in a video signal 


is divided into two parts. The first — per- 
cent transmits video information. The last 
percent is for sync pulses. 


. What is the bandwidth of a TV channel? 
ÀA = 
. Why is ENIAC famous? 
. During the 1970s: 


satellite rotates with the earth. 


a. LSI was developed. 

b. The microprocessor was developed. 
c. BASIC was invented. 

d. All of the above. 


. What three devices are contained in the CPU? 


Electricity and Electronics 


AT&T 


This individual has chosen a career in the electronics industry. 


The field of electronics is expanding. In the information age, telecommunications, infor- 

mation handling, and service-related occupations are overtaking production of goods as 

the major occupational areas in the nation and the world. Anyone with a background 

in electricity, electronics, and computer theory will be more quickly employed than others. 
The pay can be two to four times that for jobs in the production of goods. 
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After studying this chapter, you will be able to: 

WE Assess your interest in electronics careers. 

E Distinguish between a goods producing and a service 
producing business. 

E Discuss a variety of electronics careers and their 
educational requirements. 

E Define entrepreneur and entrepreneurship. 

m List career information sources. 

E Outline ideas for a successful job search. 


23.1 FINDING A CAREER 


How do you want to earn a living after you com- 
plete your education? What vocation will you choose 
to assure an interesting and rewarding future? What 


Chapter 23 


CAREER OPPORTUNITIES 
IN ELECTRONICS 


type of education will you need to prepare for your 
chosen field of study? Do you have the interest, desire, 
and ability to use the educational opportunities within 
your reach? 

These are questions only you can answer. There are 
many people, however, willing to help you answer these 
questions. Parents, school guidance counselors, 
teachers, and friends in business and industry can 
supply information gained from years of experience. 
Do not hesitate to ask them about their careers. 

Perhaps you are considering a career in electronics. 
The electronics industry offers many outstanding career 
opportunities, Fig. 23-1. Review the following 
guidelines. They may help you to make decisions 
regarding a career in this industry. 
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RCA 


Fig. 23-1. This engineer has a rewarding career working with communications 
satellites. Here he is shown conducting tests on an amplifier contained in a satellite. 


Electricity and Electronics 


e Electronics is a science. If you are interested in scien- 
tific subjects in high school, chances are you would 
enjoy an electronics career. 

e Mathematics is the tool of scientists and engineers. 
Do you like mathematics and do well in it? If your 
answer is yes, then you may be well-suited to an 
electronics career. 

e Many scientists and engineers began electronics as 
a hobby. If electronics is one of your hobbies, this 
may indicate career success in the electronics 
industry. 

e Discuss your abilities and aptitudes with your school 
guidance counselor. APTITUDES are your talents 
and natural abilities. Take an inventory test. These 
tests measure your interest and capacity for learn- 
ing in specific areas. 

e Have you enjoyed this electronics textbook? The fact 
that you are studying electronics is a good indicator 
of an interest in this area. Have you taken other 
classes in electronics? Did you like them? Did you 
do well? 

Give serious thought to your responses to the above 
questions and guidelines. Your responses may start you 
on the way to achieving success in your chosen area. 


23.2 CAREERS IN THE ELECTRONICS INDUSTRY 


Discoveries and developments in science and 
technology are made every day. Electronics and other 
fields of service play a major role in daily life. 

Think of common devices that have been improved 
with more complex machines. For example, the 
communication power of the telephone, television, and 
radio has been increased through the use of satellites. 
The safety of boats and airplanes has been improved 


through the use of sonar and radar devices. 

Where else is the use of electronics apparent? 
Industry is electronically controlled. Robots and 
machines displace hundreds of production workers 
every day, Fig. 23-2. In many businesses, computers 
can complete complex tasks in only a few minutes. Elec- 
tronics has also entered the field of medicine. Using 
laser technology, surgeons can now perform surgery 
without cutting any skin. 

With each new device that is developed, many highly- 
skilled technicians must be trained to maintain and 
service it. The need for people with electronics train- 
ing will continue to grow into the next century. 


TYPES OF ELECTRONICS INDUSTRIES 


In most industries, there are commonly two types 
of businesses: those that sell goods (products) and those 
that sell services. 

Goods producing businesses sell books, steel, cars, 
etc. These products can be seen and touched. They are 
TANGIBLE. Electronic goods include such things as 
resistors, capacitors, televisions, compact disk players, 
and computers. 

Service producing businesses provide useful labor 
that results in a need or want being satisfied. Electronic 
services include installation, maintenance, repair, and 
update of electronic systems (computers, telephone 
lines, etc.). 

The United States Bureau of Labor Statistics 
estimates that employment has been shifting from 
goods producing industries to service producing 
industries over the past few years. In addition, they 
predict that by 2000, nearly 4 out of 5 jobs will be in 
industries that provide services, Fig. 23-3. 


CHRYSLER CORP. 
Fig. 23-2. With the help of a computer programmer, these robots spot weld body sections of cars in this assembly plant. 
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WORKERS (MILLIONS)' 
150 


TOTAL EMPLOYMENT 
100 


50 


1972 1979 1986 


1993 2000 


‘Includes wage and salary workers, the self-employed, and unpaid family workers. 


BUREAU OF LABOR STATISTICS 


Fig. 23-3. Industries that provide services will account for nearly 4 out of 5 jobs by the year 2000. 


CAREERS 


In both goods producing and service producing elec- 
tronics industries, four general classes of workers exist: 
semiskilled, skilled, technical, and professional. Career 
opportunities exist in each of these areas. The train- 
ing needed to perform jobs in each of these areas varies. 
Likewise, employment outlooks and salaries vary. 


Semiskilled workers 

Semiskilled workers perform jobs that do not require 
a high level of training. These workers are most often 
found working on assembly lines, Fig. 23-4. Most 
semiskilled jobs are limited to a certain type and 
number of tasks. These tasks are often simple and 
repetitive (repeated). In general, semiskilled work is 
routine. Advance study and training are required to 
move up from a semiskilled position. There are very 
few electronics jobs done by semiskilled workers. 


Skilled workers 

Skilled workers have thorough knowledge of and 
skill in a particular area. This knowledge and skill are 
gained through advanced study. Advanced study is 
obtained through apprenticeship programs or com- 
munity college programs. Some skilled workers also 
obtain advance training from the Military Services. 

An APPRENTICESHIP is a period of time spent 
learning a trade from an experienced, skilled worker. 
This training is done on the job, Fig. 23-5. This is 
usually combined with special classes or self-study 
courses. Four years is the usual length of time for an 
apprenticeship program. 

Many community colleges offer courses and pro- 
grams in the electronics field. Courses can be taken to 
learn more about a particular subject. Or a program 
may be followed to gain a particular skill. 


ZENITH ELECTRONICS CORP. 


Fig. 23-4. This worker examines cable products before they 
are sent on to the next station. 


AT&T 


Fig. 23-5. Many skilled workers learn their trade from on-the- 
job training. 


Mi A 
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The Military Services offer many specialized areas 
of study in the electronics field. The opportunities for 
learning a trade are very good in the Military Services. 

Many jobs in the electronics field are skilled posi- 
tions. Some of these include maintenance and construc- 
tion electricians, assemblers, and quality control inspec- 
tors. Assemblers wire and solder various parts for 
televisions, stereos, printed circuit boards, computers, 
etc. Quality control inspectors check the finished work 
of the assemblers. 


Technicians 

Technicians are specially trained workers capable of 
doing complex, technical jobs. Many technicians 
receive their training in two year programs at com- 
munity colleges. 

Technicians work with electronic equipment and 
assist engineers. They have the training needed to ser- 
vice and repair complex machines and components. 
Engineers rely on technicians to help them conduct 
research, test machines and components, and design 
new devices. Therefore, technicians must keep up to 
date on developments in the electronics industry. 

Careers for technicians include broadcast techni- 
cians, Fig. 23-6, robotics technicians, and computer 
technicians. 


Professionals 

Nearly all professional workers have four years of 
college training. Many have more advanced degrees, 
such as masters and doctorates. Professionals have 
excellent opportunities for advancement. 


One of the best known professional positions in the 
electronics industry is the engineer, Fig. 23-7. Engineers 
design and monitor the building of new equipment. 
Their goal is to design equipment that runs smoothly 
and does its job. Once this goal is met, technicians are’ 
assigned to maintain the equipment. 


DEVRY INSTITUTES 


Fig. 23-7. These research engineers are testing one of the 
devices they designed. 


390 


AMERICAN PETROLEUM INSTITUTE 
Fig. 23-6. Broadcast technicians maintain and service all the electronics equipment in this television studio. 


Career Opportunities in Electronics 


Engineers must have a solid background in math and 
science. This background allows them to visualize 
designs before putting them down on paper. 

Teaching is another professional position in the elec- 
tronics industry. Teachers of electronics have the 
Opportunity to challenge students interested in elec- 
tronics. They can share their knowledge and interest 
in electronics with their students, Fig. 23-8. The rewards 
of teaching are many. 


Entrepreneurs 

Entrepreneurs own and operate their own businesses. 
These small businesses make up 97% of businesses in 
the United States. They provide 58% of the jobs in 
America. 

Entrepreneurships usually start with an idea for 
filling a hole in the marketplace where a new product 
or service is needed. Then a business plan is made. This 
plan outlines goals for the business, along with 
timetable for meeting those goals. This plan is vital if 
the business is to succeed. 

In addition to a sound business plan, a successful 
entrepreneur possesses certain skills. The entrepreneur 
has knowledge of a certain industry, service, or prod- 
uct. This knowledge allows the owner to make smart 
business decisions about what is being sold. For 
instance, an appliance service technican needs 
knowledge of the appliance being serviced. If this is 
not the case, the business will fail. 

The successful entrepreneur also has sound manage- 
ment skills. These skills allow the owner to manage 
money, time, and employees. 

Entrepreneurial skills are also very important for the 
successful entrepreneur. These skills allow the business 
owner to control the business and move it in the right 
direction. 

Entrepreneurship opportunities are vast in the 
electronics industry. With the growth in consumer 
electronics products, similar growth has occurred in 
servicing these products. Support of the office products 
industry also allows for many business opportunities. 
And servicing of home appliances continues to be a 
sound business in the electronics industry. 

Consulting is yet another growing business in the 
electronics industry. Consultants work for clients on 
projects. The specific job they do often depends on 
what work is needed. The consultant is paid by the 
client. When the job is completed, the consultant is free 
to move on to a new job and client. 


CAREER INFORMATION SOURCES 


An excellent reference on careers in many industries 
is the Occupational Outlook Handbook. It is published 
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Fig. 23-8. Teaching is a rewarding career for many people. 


$ 
BALL STATE UNIVERSITY 


by the United States Department of Labor and Bureau 
of Statistics. Most public and secondary school libraries 
have copies of this book. The book can also be ordered 
from the Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington, DC, 20402. 
School guidance counselors are another outstanding 
source of career information. They can help you find 
information on particular careers, two- and four-year 
colleges that offer programs in areas that you are in- 
terested, training programs through trade schools and 
the Military Services, etc. These people are well- 
informed and always ready to help when asked. 


EDUCATION 


The educational requirements for jobs in the elec- 
tronics industry vary, Fig. 23-9. However, a minimum 
of a high school education is a solid foundation on 
which to build. 


Electricity and Electronics 


1 


2 os 4 


YEARS | YEARS 


Fig. 23-9. There are many roads to take on your way to an electronics career. 


Some high school graduates enter industry directly 
and receive specialized education in the training pro- 
grams maintained by large companies. Many of these 
workers do not stop at this point, however. They con- 
tinue to study and read to keep abreast of all the 
changes and new technologies that develop in this 
industry. 

Specialized training may also come from a two-year 
college offering an associate degree program in 
technology. Trade schools and the Military Services 


also offer programs in electronics technology. 

Career in science and engineering require a college 
degree. Advanced degrees are becoming more com- 
monplace as a means of advancing. Many state and 
private universities offer engineering and electronics 
degrees. Talk with your school counselor to learn loca- 
tions and entrance requirements. 

The chart in Fig. 23-10 shows major job categories 
and educational requirements. Study this chart 
carefully. 


ELECTRONICS INDUSTRIES ASSOCIATION 


Fig. 23-10. This chart shows the educational requirements for various electronics careers. 
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23.3 JOB SEARCH IDEAS 


Finding a job is a time-consuming and difficult task. 
The Occupational Outlook Handbook has excellent tips 
for conducting a job search. Start by talking to your 
parents, neighbors, teachers, or guidance counselors. 
These people may know of job openings that have not 
been advertised. Read the want ads in the newspaper. 
Look through the Yellow Pages. Companies are 
grouped according to industry in the Yellow Pages. You 
may see companies to contact. City, county, or state 
employment services may also provide useful job leads. 
Private employment agencies might provide leads also. 
However, they often charge a fee if a job is found. 

Once you have secured an interview, it is important 
to be prepared for it. Read the following tips for a suc- 
cessful interview. 


Preparation: 

Learn about the organization. 

Have a specific job or jobs in mind. 

Review your qualifications for the job. 

Prepare to answer broad questions about yourself. 
Review your resumé. 

e Arrive before the scheduled time of your interview. 


Personal Appearance: 

e Be well groomed. 

e Dress appropriately. 

e Do not chew gum or smoke. 


The Interview: 

e Answer each question concisely. 

e Be prompt in giving responses. 

e Use good manners. 

e Use proper English and avoid slang. 

e Convey a sense of cooperation and enthusiasm. 

e Ask questions about the position and the 
organization. 


Test (if employer gives one): 

e Listen carefully to instructions. 

e Read each questions carefully. 

e Write legibly and clearly. 

e Budget your time wisely and don’t dwell on one 
question. 


Information to Bring to an Interview: 
e Social Security number. 
e Driver’s license number. 
e Resumé. See Fig. 23-11. 


James Washington 
123 E. 25th Street 
Clover, Montana 59876 
(406) 555-1212 


OBJECTIVE 


Briefly state what type of job you are seek- 


ing, and what you wish to learn in the job. 


EDUCATION 


List high school, college, trade school, etc. 


Give names and addresses, dates of atten- 
dance, curriculum studied, and highest grade 
completed or degree awarded. 


EXPERIENCE 


List both paid and volunteer work. Include 


job title, name and address of employer, and 
dates of employment. 


List any other special skills, knowledge, 
honors, awards, or memberships that may 
prove helpful in judging your qualification for 
a job. 


Fig. 23-11. A good resume includes those items listed in the drawing. 
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e Three references. Get permission from people before 
using their names. Try to avoid using relatives. For 
each reference, provide name, address, telephone 
number, and occupation. 


SUMMARY 

1. Goods producing businesses produce tangible 
products. 

2. Service producing businesses produce useful labor 
that results in a need or want being filled. 

3. Semiskilled workers perform job tasks that are often 
simple and repetitive. These workers do not require 
high levels of training. 

4. Skilled workers have thorough knowledge of and 
skill in a particular area. 

5. Apprenticeship is a period of time spend learning 
a trade from an experienced, skilled worker. 

6. Technicians are specially trained workers capable of 
doing complex, technical jobs. 

7. Professionals are highly trained workers. Nearly all 
have four-year college degrees and many have 
masters and doctorates. 

8. Entrepreneurs are people who own and operate their 
own businesses. 


gn 


Three skills required by the successful entrepreneur 
are knowledge of a certain industry, service, or 
product, management skills, and entrepreneurial 
skills. 


TEST YOUR KNOWLEDGE, Chapter 23 


Please do not write in the text. Place your answers 


on a separate sheet of paper. 


1. 


Zo 
ae 


394 


List three new electronic devices that will require 
maintenance by specially trained technicians. 
What are tangible products? 

In 2000, nearly 4 out of 5 jobs will be in industries 
that provide 


.An________ ¡isa period of time spent learning a 


trade from a skilled, experienced worker. 


. What skills do successful entrepreneurs possess? 


FOR DISCUSSION 


. What type of career would you like to have? How 


much training and education will this career require? 


. What traits do you think are required of successful 


entrepreneurs? 


REFERENCE SECTION 


Appendix 1 
SCIENTIFIC NOTATION 


In the study of electronics, you will work with very 
small quantities. As a student of mathematics, you 
understand that multiplication and division of numbers 
having many zeros and decimal points requires your 
concentration. Otherwise, errors will occur. The 
“powers of ten” or scientific notation is a useful method 
for performing these tasks. 


eco = il 

lx IO = I0 

1 x 10? = 100 

1x 10? = 1000 

1 x 10* = 10,000 
1x 105 = 100,000 
1 x 10% = 1,000,000 
l zr IO S al 

1 x 107? = Ot 

1 x 10° = .001 

1 x 1074 = .0001 

1 x 107% = .00001 
1 x 10% = .000001 


Follow these examples and you will learn to use the 
scientific notation method. 


To express a number: 


47,000 = 47 x 10° 
000100 = 100 x 10° 
0025 = 25 x 10 


To multiply, add the exponents of ten: 


47 x 10° x 25 x 1074 
= A x OF 


100 x 107* x 3.5 x 10° 
=100 x 3.5 


To divide, subtract exponents: 


3.5x 10° _ 3.5 x 1019 
25x104 25 


100 x 10€ — 100 x 1072 
25 x IOS ee 25 


6 — (4) = +10 


-6 — (4) = -2 


To square, multiply exponent by 2: 
(25 x 107)? = 25? x 10* 


(9 x 10°)? = 81 x 10° 


To extract square root, divide exponent by 2: 


yV 81 x 10" = 9x10? 
V225 x 1078 = 15 x 1074 


See Appendix 3 for using scientific notation in 


3,500,000 = 3.5 x 10° conversions. 
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Appendix 2 
COLOR CODES 


A standard color code has been adopted to determine the values of resistors and capacitors. Fig. A2-1 shows 
those values. 


Standard Color Code 


= F 


Black (0) Black (0) Black 
Brown 1 Brown 1 Brown 
Red 2 Red 2 Red 
Orange 3 Orange 3 Orange 
Yellow 4 Yellow 4 Yellow 
Green 5 Green 5 Green 
Blue 6 Blue 6 Blue 
Violet 7 Violet 7 Silver 
Gray 8 Gray 8 Gold 
White 9 White 9 


*Contact your nearest A-B field sales office for ohmic values greater than those listed herein. 


Fifth Band* 
Reliability Level 
(Percent Per 1,000 Hours) 


Color Level 


1 Silver +10% Brown M = 1.0% 
10 Gold + 5% Red P=0.1% 
100 *No Band +20% Orange R =0.01% 
1,000 Yellow S = 0.001% 
10,000 *MIL-R-39008 
100,000 Resistors Only 
1,000,000 
0.01 


(ALLEN-BRADLEY, CO.) 


Fig. A2-1. Standard color code for resistors and capacitors is established by the Electronic Industries Association (ElA). 


HOW TO READ THE CODE 


Secure several resistors from stock. Hold the resistor 
so that the color bands are to the left, Fig. A2-2. 
Assume the band colors are (from left to right) brown, 
black, green, silver. 

The brown band is 1. The black band is 0. The green 
band is the multiplier. Multiply by 10°. The silver band 
tells us that it is within the limits of + 10 percent of 
the color code value. 

Review the following examples: 


Yellow, Violet, Brown, Silver....... 4702 + 10% 
Brown, Black, Red, Gold ......... 10002 + 5% 
Orange, Orange, Red, None....... 33000 + 20% 
Green, Blue, Red, None........... 56000 + 20% 
Red, Red, Green, Silver ...... 2,200,0002 + 10% 


Fig. A2-2. When reading color code, hold the resistor with the 
bands at the left. This resistor value is 1,000,000 Q or 1 
megohm. 


The practice of marking capacitors with numbers 
is fairly common. Some capacitors can be read directly. 
Others, however, are coded. There are many special 
marking systems. A detailed manual describing all 
codes should be consulted when necessary. 
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In Fig. A2-3 we will use the code shown in Fig. A2-1. 
Assume that the upper left-hand corner dot is white. 
The first significant figure is red. The second signifi- 
cant figure is green. The numbers for these figures then 
is 25. The multipler is brown. Multiply by 10’. The 
value of the capacitor is 250 pF. The tolerance value 
and class can also be found. However, their meanings 
will not be covered in this textbook. 


Appendix 3 
CONVERSIONS 


When using formulas to find unknown values in a 
circuit, the formula may be given in basic units. But 
the quantities you wish to use are given in larger or 
smaller units. A conversion must be made. For exam- 
ple, Ohm's Law states that: 


: _ E (in volts) 
I (in amperes) = A ras 
If R were given in megohms such as 2.2 megohms, it 
would be necessary to change it to 2,200,000 ohms. If 
E were given in microvolts, such as 500 y V, it would 
be necessary to change it to .0005 volts. 

Scientific notation offers a simple way to make con- 
versions. First, however, look at the common prefixes 
used in electronics. 


mega =1,000,000 


kilo = 1000 
a 1 
milli = 7000 
a E 
micro = 1,000,000 
. 1 
pico 


= 1,000,000,000,000 


The prefix pico has now been adopted for 
micromicro. Compare the meaning of these prefixes 
to scientific notation in Appendix 1. Study Fig. A3-1. 


10,000 ohms 10,000 x 107* kilohms 


ll 


47 kilohms 47 x 10° ohms 


950 kilohertz 950 x 10° hertz or 


950 x 107? megahertz 


100 x 107? amperes or 


100 milliamperes 


100 x 10% microamperes 


SILVER, EIA 
BLACK, MIL 
WHITE, AWA PAPER 1ST 2ND 


“fee 
¡Ea 


SIGNIFICANT FIGURES 


MULTIPLIER 


TOLERANCE 
CLASSIFICATION 


Fig. A2-3. Reading a capacitor. All values are in picofarads. 


.. «MEGA 
0 


0 


0 

.. KILO (k) 
0 
0 


0 
.. «BASIC UNIT 


0 
0 


OL MILLI (m) 
0 
0 
0 

.. «MICRO (1) 


0 
0 
0 
0 
0 


PICO (p) 


.01 x 1078 farads or 


.01 microfarads 


.01 x 10° pF 
250 pF = 250 x 10° „F or 
250 x 107? F 
Sb = 8x1l0fFor 
8 x 10° pF 


75 x 1073 watts 


75 milliwatts 


A simple rule will also help you. It states that if the 
exponent of ten is negative, the decimal point is moved 
to the left in the answer. 


447 x 107? .447 


ll 


250 x 10° = 100025 
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If the exponent is positive, the decimal point is moved 
to the right. 


II 


447 x 10? = 447,000 


250 x 10° 


250,000,000 


Here is a problem. What is the reactance of a 2.5 
mH choke at 1000 KHz? 


K = 2 y iiL 


2 « f (in Hz) x L (in henrys) 


Two conversions must be made: 


1000 KHz = 1000 x 10° Hz 


2.5 mH = 2.5 x 107? henrys 
Therefore: 
X, = 2x 3.14 x 1000 x 10° 


X235 xX l0: 
= 6.28 x 2.5 x 10° 
(1000 changed to 10°) 


= 15.6 x 10° = 15,600 ohms 


Appendix 4 
TRIGONOMETRY 


Trigonometry is a part of the “tool kit” of the elec- 
tronic technician. Using it simplifies finding the solu- 
tions of alternating current problems. Trigonometry 
finds many uses in designing and understanding elec- 
tronic circuits. 

Basically, trigonometry is the relationship between 
the angles and sides of a triangle. These relationships 
are called functions. They represent the numerical ratio 
between the two sides of the right triangle. 


A C 


_ a opposite side 
~ c hypotenuse 


b adjacent side 
c hypotenuse 


a opposite side 
b adjacent side 


Sine of angle A 


Cosine of angle A = 


Tangent of angle A 


There are other functions, but these three are wide- 
ly used in solving problems in electronics. Using these 
equations, if two values are known, the third may be 
found. 

For example, in a triangle, side a = 6 and b = 10. 
Find the tangent of angle A. 


daa 
Tan A = $ 7 10 6 


Look at the table of Natural Trigonometric func- 
tions, Fig. A4-1. Find the angle whose tangent is .6. 
hi as 31% 

Try this problem. Angle A is 45° and is 6. What is 
the value of side c? Use the sine equation. 


: TOS 
Sine 45° = E 


Look up the sine of 45°. It is .707. Then, 


o 
C= “3077 8.5 (approx.) 
In electronics, the right triangle used for the previous 
examples can be labeled other ways. But the problems 


are worked out in the same manner. 


For example, a circuit contains 400 resistance (R) 
and 500 reactance (X). What is the circuit impedance 
(Z) in ohms? 


Find angle 0: 


XA 
Tan0d=% = 249712 


Look up in the table: 
9 = $1” approx. 


Find Z: 


Sine 0 = as 


R 


Look up in the table: 


50 
11 = 7 
= UA 
Z = 577 = 64.30 


These applications of trigonometry must be 
thoroughly understood. The best way to gain this 
understanding is through practice. Problems have been 
included in the text for this purpose. 
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NATURAL TRIGONOMETRIC FUNCTIONS 


Cosine Tangent Sine Cosine Tangent 


Fig. A4-1. The table of natural trigonometric functions. 
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APPENDIX 5 


STANDARD SYMBOLS 
AND 
ABBREVIATIONS 


The symbols and abbreviations used in this text con- 
form to Military Abbreviations and Contractions and 
IRE Standards 54 IRE 21S1. They represent accepted 
practice in trade and industry. 


LETTER SYMBOLS 


oo 


O 


SU ee n a O a a aA 


beta 
current 
voltage 
resistance 
reactance 
inductive reactance 
capacitive reactance 
impedance 
inductance 
capacitor 
mutual inductance 
frequency 
resonant frequency 
wave length 
phase displacement 
a change in 
ohms 
phi-magnetic flux 
conductance 
Q factor 
plate resistance 
transconductance 
amplification factor, permeability, micro 
gain 
time 
phase angle 
angular velocity 
vacuum tube or volts in transistor 
circuits 
watts 
pico 

STANDARD ABBREVIATIONS 


ac alternating current 

AWG American Wire Gage 
amp ampere 

AM Amplitude Modulation 
af audio frequency 

afc automatic frequency control 
avc automatic volume control 
bfo beat-frequency-oscillator 
CRT Cathode Ray Tube 

cw continuous wave 

cps cycles per second 
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db 
de 
DPST 


decibel 

direct current 

double pole, single throw 
double pole, double throw 
electromotive force 
farad 

Field Effect Transistor 
Frequency Modulation 
ground 

henrys 

hertz 

high frequency 
horsepower 
intermediate frequency 
Joint-Army-Navy 
kilohertz 

kilohm 

kilovolt 

kilowatt hour 

low frequency 
magnetomotive force 
maximum 

megahertz 

megohm 

micro 

microampere 
microfarad 
microhenry 
micromicrofarad 
microphone 

microvolt 

millihenry 

millampere 

millivolt 

milliwatt 

minimum 

oscillator 

picofarad 
potentiometer 

Power Factor 

radio frequency 
revolutions per minute 
root mean square 
single pole, double throw 
single pole, single throw 
speaker 

switch 
Transmit-Receive 
ultra high frequency 
vacuum tube voltmeter 
very high frequency 
video frequency 

volts 

watts 
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COMMON SCHEMATIC SYMBOLS 


D N Channel MOS 
Enhancement T ype 
Field Effect Transistor 


Glow Lamp 


— + Wires Not Connected 


Wires Connected 


i 


Incandescent Lamp ONCh ee 
anne 


s Depletion Type Field 
Effect Transistor 


N Type Base 
Unijunction 
Transistor 


Instrument Lamp 


Battery 


a. & 


Phono-Pickup 


En 


Antenna 


Thermocouple x Diode and Rectifier 


(General Type) 
Ground RR 


Thermistor 


Chassis Ground 


> 


$ È 


K Zener Diode 


Humidity Sensor 


PE<aU od @ 


Resistor 


x Light Emitting Diode 
(LED) 
- A 


Tapped Resistor 
PNP Transistor 


Potentiometer 


x Photo Diode 


> 


y e 


m 


OG 


O 


Variable Resistor 
NPN Transistor 


Capacitor, Fixed 
c PNP Photo 
Transistor 
NPN Transistor 
(Connected 
Collector Case) 


Capacitor, Variable 


m 
O 


Capacitor, Electrolytic 


K Silicon Controlled 
Rectifier (SCR) 


> 


v o 
O 
(a) 
> 
+ 
m 


P Channel Junction 


Capacitor, Splitstator Type: Field Effect 


Transistor GATE 
D MAIN MAIN 
TERMINAL TERMINAL 
£ = NO. 2 NO.1 


N Channel Junction 
Type: Field Effect 
Transistor 


D 


Fluorescent Lamp s 


P Channel MOS 
Enhancement T ype 
Field Effect Transistor 


i 
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Diode, Vacuum 
Directly Heated 


Diode, Vacuum 
Indirectly Heated 


Duo-Diode 


Triode 


Tetrode 


Pentode 


Twin Triode 


Twin Pentode 


Pentagrid Converter 


Thyratron 


VR Tube 


Integrated 
Circuit (IC) 
Symbols 
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COMMON SCHEMATIC SYMBOLS 


E 


E3 
4y 
DA 

f? 
= 


—0 o— 
O 


—o oo 


Inductor, Iron Core 
Choke 


Transformer 


ac Plug 


ac socket 


Headphones 


Speaker 


Switch, SPST 


Switch, SPDT 


Push Button Switch (NO) 


00 = Push Button Switch (NC) 


ee 
a 


3H 
== (| 
¡MN 


—V 


Switch, DPST 


Crystal 


Microphone 


Jack 


Fuse 
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x< 


eos 
4 Ú 
0, 


I 


SAL 


Interconnecting 
Plugs 


Grounded Shield on 
Coaxial Cable 


Key 


Relay 


ty AND Gate 


Inverter or NOT Gate 


A Gate 


XOR Gate 


XNOR Gate 


Operational 
Amplifier 
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or e multiplied by 


— or Y divided by 


+ positive; add 
— negative; subtract 


+ plus or minus 


or equals to 


identity 


IR 


is similar to 


does not equal 


is less than 


> is greater than 
< 
2 


greater than or equal to 


< less than or equal to 
- therefore 


angle 


increment or decrement 
(change in) 


> 


_| perpendicular to 
|| parallel to 


oo infinity 
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Appendix 6 


ELECTRODEMONSTRATOR KIT 


The electrodemonstrator kit contains the parts 
needed to build sixteen projects illustrated and 
described in preceding chapters of this text. 

Projects which may be built from the parts include: 
permanent magnetic fields, electromagnetic field, elec- 
tromagnet, relay, circuit breaker, door chime, buzzer, 
series dc motor, shunt dc motor, ac motor, Faraday’s 
experiment, solenoid sucking coil, reactance dimmer, 
induction coil, series circuits, and parallel circuits. 

Each project is assembled on a peg-board base. After 
the project has been built and tested, it is then 
disassembled. The parts are reused to make other 
projects. 

Items in the electrodemonstrator kit are listed below. 
This includes items like sockets, leads, bolts, and nuts 
that are purchased along with brackets, coils, etc. Con- 
struction details for student-made parts are given in 
the drawings, Fig. A6-1. 


THE ELECTRODEMONSTRATOR 
PARTS LIST 


1—Base, 1/8 x 7 1/2 x 10 Masonite peg-board 
4—Base feet, rubber 3/8 

4—Feet bolts, 3/8 x 8—32 round head with nuts 
1—Base support, wood (Plan, Detail M) 
2—Coils, (Plan, Detail F) 

4—Coil brackets, brass 1/32” (Plan, Detail G) 
2—Coil cores, 1/2 x 2 1/2 mild steel (Plan, Detail E) 
1—Solenoid core, mild steel (Plan, Detail H) 

2— Magnets, 1/2 x 2 1/2 round 

1— Armature bracket brass 1/32” (Plan, Detail J) 
1—dc armature (Plan, Detail A) 

1—ac armature (Plan, Detail B) 

1—Brush support (Plan, Detail L) 

1—Relay armature (Plan, Detail N) 

1—Armature plate (Plan, Detail K) 

1—Circuit breaker stop (Plan, Detail P) 
2—Contact brackets (Plan, Detail R) 
1—Induction coil (Plan, Detail D) 

1—.01 mfd. paper capacitor, Mount on subbases. 


1 
1 


1—Push button switch 
1—Toggle switch 


3 —Subbase 

6— Jiffy leads, 8” 

3— Miniature Sockets with bulbs 6 V 

1— Doorbell transformer 

1 —50 Potentiometer with subbase for potentiometer (2W), 
1—Terminal base 

3—Battery holders D cell, Hickok teaching systems, 
1—Chime, hard steel tube or bar 

1—Galvanometer, 500-0-500 wa in meter case, 
2—Bolts, 3/8 x 8-32 round head 

2—Nuts, Hex. 8-32 

4—Stove bolts, 3/16 x 2 1/2 

8—Nuts, 3/16” 


Construction Hints: 


1 


2. 
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Use the Masonite peg-board base with rubber feet 

attached at each corner. 

The two coils, F, are interchangeable in all projects. 

The coil brackets are bolted to the Masonite base. 

The saw kerf at each end of coil fits snugly into 

bracket. 

. The permanent magnets are interchangeable with 
the iron cores, when used for magnetic field 
demonstrations or in the de motor. 

. Induction coil D is made to slide over coil F. Wind 
with more than 8 layers of No. 30 wire if higher 
voltages are desired. Capacitor is connected across 
breaker points. 

. If difficulty is experienced with the ac motor, try 

starting it by winding a string around the armature 

shaft and pulling it. Its speed must be syn- 
chronized with the 60 hertz line voltage for 
operation. 

All motors are constructed by placing armatures be- 

tween plate R, bolted to base, and armature bracket 

as the top bearing. 

. The brush support L is constructed so that it may 

be locked in several positions to demonstrate a 

change in commutation angle. 


O LOCKNUT 
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ARMATURE REQUIRES APPROX, 
6 LAYERS #21 ENAMEL WIRE 


| TAIN DRILL & TAP 1/4-20 gOS 
i DRILL & TAP 1/4-20 A 
1/4 DIA. 2, 
Ks 
7 le 
BRASS SL] 
PLASTIC WASHER > 
7/8 DIA. x 1/4 THICK E 
WIRES TO COIL a 
2 e 
ae DC ARMATURE MZ E 
COMMUTATOR | MILD STEEL L, 
Cc 6 
2 3/8 DIA. CORE 
e - 2 REQ'D. MILD STEEL 
EE DETAIL C E 
OR DIMENSIONS 
COIL FORM 
L PLASTIC 1/8 WALL THICKNESS 
= D 
NOTE: ASSEMBLE COIL FORM ÙN 
WITH PLASTIC CEMENT N P 
WIND COIL WITH 6-8 ` 
LAYERS OF #30 ENAMELED 
MAGNET WIRE 
SOLDER COIL ENDS TO TERMINALS 
TERMINAL PINS 1/8 BRASS RODS =< 
DC ARMATURE > 
DRILL & N k: 
A TAP 6-32 we, 
13/16 DIA. 
PLASTIC RING DRILL FOR 
es TERMINAL 
jo EA DIA. 6 3 COIL FORM TAP 8-32 ES 
a a O TE TERMINAL 
e PIN-THREAD 8-32 
DRILL & TAP a F 
1/4.20 | y 


AC ARMATURE 
B 


AC ARMATURE 
3/4 DIA, x 2 1/4 LONG 
MILD STEEL 


Naw 
¿o 
y 1/4 DIA, 


1/2 1D , 
PLASTIC D 
e e ~N 2. %, P 
E 7e 
BRACKET 
4 REQ'D, 
DRILL BRASS 1/32” 
TO FIT TUBE @ 
¿Sy NOTE: COIL FORM ASSEMBLED 
WITH PLAS TIC CEMENT 
WIND COIL WITH 6 LAYERS 
=S He) ENAMEL AE SOLENOID PLUNGER 
SOLDER COIL ENDS TO TERMINALS 1 REQ’D. SAE 1010 STEEL 
SAW KERF 
1/2 DP. H 
Fig. A6-1. Construction details of electrodemonstrator parts. 
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1/8 DIA. 


2 1/2 DIA. 


3/8 x 8-32 BOLT, 
WASHER & 
THUMBSCREW 


1/8 DIA. x 1/4 BRASS PIN 
SOLDER ON 


2' DIA. BOLT 
CENTERS 


CENTER PUNCH 
FROM BELOW 


3/16 DIA. 


ARMATURE BRACKET 


1 REQ’D. BRASS 1/32 
- BRUSHES 


BRASS ,005 
SOLDER TO SUPPORTS 


BRUSH SUPPORT - DC MOTOR 


BRUSH SUPPORT 
BRASS 20 GA, 


CENTER J 
PUNCH 


ARMATURE PLATE 
1 REQ’D. BRASS 


K 


= BRUSH 


2 REQ’D. R.H. & L.H. 


1/8 x 3/8 GROOVE 
ASSEMBLE ON SUPPORT L 


¿O 
TERMINAL 


E ZZ 
> a tase SUPPORT A 
1/8 USE WITH DOOR CHIME | 
2 ES 3/4" WOOD ei 
24 4 
20 M W 


3/4 Or, | i 
5 = 1/8 BRASS 
TERMINAL 
(-) SOLDER TO 
Y » BRACKET j 
6-32-1” LONG 
RELAY & BUZZER ARMATURE 
BRASS 20 GA. 


CIRCUIT BREAKER STOP 
1/8” MASONITE OR PLASTIC F 
BRACKET FOR 


P RELAY CONTACTS 
2 REQ’D. BRASS 1/32 


4° 


b 


12 


SPRING 3/16 DIA. 


BRASS 


N 


Fig. A6-1. Construction of electrodemonstrator parts (continued). 
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DICTIONARY OF TERMS 


A 


ABACUS: An ancient calculating device that contains 
movable beads used to perform basic mathematic 
functions. 

A-BATTERY: Battery used to supply heater voltage 
for electron tubes. 

AC: Alternating current. 

ACCEPTOR CIRCUIT: Series tuned circuit at 
resonance. Accepts signal at resonant frequency. 
ACCEPTER IMPURITY: Impurity added to semicon- 
ductor material which creates holes for current 

carriers. 

AC GENERATOR: Generator using slip rings and 
brushes to connect armature to external circuit. Out- 
put is alternating current. 

AC PLATE RESISTANCE: Variational characteristic 
of vacuum tube representing ratio of change of plate 
voltage to change in plate current, while grid voltage 
is constant. [ts symbol is rp. 

AERIAL: An antenna. 

AF AMPLIFIER: Used to amplify audio frequencies. 

AGC: Abbreviation for AUTOMATIC GAIN CON- 
TROL. Circuit employed to vary gain or amplifier 
in proportion to input signal strength so output re- 
mains at constant level. 

AIR-CORE INDUCTOR: Inductor wound on 
insulated form without metallic core. Self-supporting 
coil without core. 

ALKALINE BATTERY: A primary cell composed of 
manganese dioxide for the positive plate, powdered 
zinc for the negative plate, and caustic alkali for the 
electrolyte. 

ALNICO: Special alloy used to make small permanent 
magnets. 


ALPHA: Greek letter œ, representing current gain of- 


a transistor. It is equal to change in collector cur- 


rent caused by change in emitter current for constant 
collector voltage. 

ALPHA CUT-OFF FREQUENCY: Frequency at 
which current gain drops to .707 of its maximum 
gain. 

ALTERNATOR: An ac generator. 

ALTERNATING CURRENT (ac): Current of electrons 
that moves first in one direction and then in the 
other. 

ALMALGAM: Compound or mixture containing 
mercury. > a 

ALMALGAMATION: Process of adding small quan- 
tity of mercury to zinc during manufacture. 

AMMETER: Meter used to measure current. 

AMPERE: Electron or current flow representing flow 
of one coulomb per second past given point in cir- 
cuit. Its symbol is I. 

AMPERE-HOUR: Capacity rating measurement of 
batteries. A 100 ampere-hour battery will produce, 
theoretically, 100 amperes for one hour. 

AMPERE TURN (IN): Unit of measurement of 
magnetomotive force. Represents product of 
amperes times number of turns in coil of electro- 
magnetic. E = 1257 IN, 

AMPLIFICATION: Ability to control a relatively large 
force by a small force. In a vacuum tube, relatively 
small variation in grid input signal is accompanied 
by relatively large variation in output signal. 

AMPLIFICATION FACTOR: Expressed as p(mu). 
Characteristic of vacuum tube to amplify a voltage. 
Mu is equal to change in plate voltage as a result 
of change in grid voltage while plate current is 
constant. 

AMPLIFIER, POWER: Electron tube used to increase 
power output. Sometimes called a current amplifier. 
Class A: An amplifier, so biased that plate current 

flows during entire cycle of input signal. 
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Class B: An amplifier, so biased that plate current 
flows for approximately one-half the cycle of input 
signal. l 

Class C: An amplifier, so biased that plate current 
flows for appreciably less than half of each cycle of 
applied signal. 

Class AB: A compromise between class A and class B. 

Class AB,: Same as class AB, only grid is never 
driven positive and no grid current flows. 

Class AB2: Same as AB except that signal drives grid 
positive and grid current does flow. 

AMPLITUDE: Extreme range of varying quantity. 
Size, height of. 

AMPLITUDE DISTORTION: Deviation in amplitude 
caused by non-linear operation of electron tube when 
peaks of input signals are reduced or cut off by either 
excessive input signal or incorrect bias. 

AMPLITUDE MODULATION (AM): Varying of the 
radio wave amplitude at an audio frequency rate. 
Grid. Audio signal is applied in series with the grid 
of the power amplifier. Plate. Audio signal is injected 
into the plate circuit of the modulated stage. 

ANALOG DEVICES: Electronic devices that have 
variable outputs controlled by variable inputs. These 
are also called linear integrated circuits. 

ANALOG METER: A meter with a continuously 
variable scale. 

AND GATE: A logic gate that is used to determine 
the presence of yes signals or ls. 

ANGLE OF COMPENSATION: Correcting angle 
applied to compass reading to compensate for local 
magnetic influence. 

ANGLE OF DECLINATION: See DECLINATION. 

ANGULAR PHASE: Position of rotating vector in 
respect to reference line. 

ANGULAR VELOCITY (w): Speed of rotating vec- 
tor in radians per second. w (omega) = 2 TF. 

ANODE: Positive terminal, such as plate in electron 
tube. 

ANTENNA: Device for radiating or receiving radio 
waves. 

APERTURE MASK: A thin sheet of perforated 
material placed directly behind the viewing screen 
in a three-gun color picture tube. 

APPARENT POWER: Power apparently used in 
circuit as product of current times voltage. 

ARCBACK: Current flowing opposite direction in a 
diode, when plate has a high negative voltage. 

ARITHMETIC/LOGIC UNIT (ALU): A part of the 
central processor that performs arithmetic opera- 
tions, such as subtraction, and logical operations, 
such as true/false comparisons. 

ARMATURE: Revolving part in generator or motor. 
Vibrating or moving part of relay or buzzer. 
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ARMATURE REACTION: Effect on main field of 
generator by armature acting as electromagnet. 
ARRL: American Radio Relay League. The associa- 

tion of radio amateurs. 

ARTIFICIAL MAGNETS: Manufactured magnets. 

ASPECT RATIO: Ratio of width to height of TV pic- 
ture. This is standarized as 4:3. 

A-SUPPLY: Voltages supplied for heater circuits of 
electron tubes. 

AT-CUT CRYSTAL: Crystal cut at approximately a 
35 deg. angle with Z axis. 

ATOM: Smallest particle that makes up a type of 
material, called an element. 

ATOMIC NUMBER: Number of protons in nucleus 
of a given atom. 

ATOMIC WEIGHT: Mass of nucleus of atom in 
reference to oxygen, which has a weight of 16. 
ATTENUATION: Decrease in amplitude or intensity. 
ATTENUATOR: Networks of resistance used to 

reduce voltage, power, or current to a load. 

AUTOTRANSFORMER: Transformer with common 
primary and secondary winding. Step-up or step- 
down action is accomplished by taps on common 
winding. 

AVC: Automatic volume control. 

AVERAGE VALUE: Value of alternating current or 
voltage of sine wave form that is found by dividing 
area under one alternation by distance along X axis 
between O and 180 deg. Eayg = .637 Emax 

AWG: American Wire Gauge — used in sizing wire by 
numbers. 


B 


BACK EMF: See COUNTER EMF. 

BAND: Group of adjacent frequencies in frequency 
spectrum. 

BAND PASS FILTER: Filter circuit designed to pass 
currents of frequencies within continuous band and 
reject or attenuate frequencies above or below the 
band. 

BAND REJECT FILTER: Filter circuit designed to 
reject currents in continuous band of frequencies, 
but pass frequencies above or below the band. 

BAND SWITCHING: Receiver employing switch to 
change frequency range of reception. 

BANDWIDTH: Band of frequencies allowed for 
transmitting modulated signal. 

BARRIER REGION: Potential difference across a PN 
junction due to diffusion of electrons and holes 
across junction. 

BASE: Semiconductor between emitter and collector 
of transistor. 

BASS: Low frequency sounds in audio range. 

BATTERY: Several voltaic cells connected in series or 
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parallel. Usually contained in one case. 

B-BATTERY: Group of series cells in one container 
producing high voltage for plate circuits of electronic 
devices. Popular batteries include 22 1/2, 45, and 
90 volts. 

BEAM POWER TUBE: Tube so constructed that elec- 
trons flow in concentrated beams from cathode 
through grids to plate. 

BEAT FREQUENCY: The resultant frequency 
obtained by combining two frequencies. 

BEAT FREQUENCY OSCILLATOR: Oscillator 
whose output is beat with continuous wave to pro- 
duce beat frequency in audio range. Used in cw 
reception. 

BEL: Unit of measurement of gain equivalent to 10 
to 1 ratio of power gain. 

BETA: Greek letter 8, represents current gain of 
common-emitter connected transistor. It is equal to 
ratio of change in collector current to change in base 
current, while collector voltage is constant. 

BIAS, 

CATHODE SELF: Bias created by voltage drop 
across cathode resistor. 

FIXED: Voltage supplied by fixed source. 

GRID LEAK: Bias created by charging capacitor in 
grid circuit. Bias level is maintained by leak resistor. 

BIAS, FORWARD: Connection of potential to pro- 
duce current across PN junction. Source potential 
connected so it opposes potential hill and reduces it. 

BIAS, REVERSE: Connection of potential so little or 
no current will flow across PN junction. Source 
potential has same polarity as potential hill and adds 
to it. 

BINARY: Number system having base of 2, using only 
the symbols 0 and 1. 

BIT: One binary digit (0 or 1). 

BLACK BOX: Box containing unknown and possibly 
complicated circuit. 

BLANKING PULSE: Pulses transmitted by TV 
transmitter, which are used in receiver to cut off 
scanning beam during retrace time. 

BLEEDER: Resistor connected across power supply 
to discharge filter capacitors. 

BRIDGE CIRCUIT: Circuit with series-parallel groups 
of components that are connected by common 
bridge. Bridge frequently is meter in measuring 
devices. 

BRIDGE RECTIFIER: Full-wave rectifier circuit 
employing four rectifiers in bridge configuration. 

BRIGHTNESS: In television. Overall intensity of 
illumination of picture. 


BRUSH: Sliding contact, usually carbon, between com- - 


mutator and external circuit in dc generator. 
B-SUPPLY: Voltages supplied for plate circuits of elec- 


409 


tron tubes. 
BUFFER: Type of amplifier placed between oscillator 
and power amplifier to isolate from load. 
BUS: An electrical pathway on which current flows. 
BYPASS CAPACITOR: Fixed capacitor which 
bypasses unwanted ac to ground. 
BYTE: Two binary nibbles, or eight binary bits. 
BX CABLE: Cable sheathed in metallic armor. 


C 


CABLE: May be stranded conductor or group of single 
conductors insulated from each other. 

CABLE TV: A communications system that sends 
television signals using coaxial cables. 

CAPACITANCE: Inherent property of electric circuit 
that opposes change in voltage. Property of circuit 
whereby energy may be stored in electrostatic field. 

CAPACITIVE COUPLING: Coupling resulting from 
capacitive effect between components or elements 
in electron tube. 

CAPACITIVE REACTANCE (Xc): Opposition to ac 
as a result of capacitance. 

CAPACITOR: Device which possesses capacitance. 
Simple capacitor consists of two metal plates 
separated by insulator. 

CAPACITOR INPUT FILTER: Filter employing 
capacitor as its input. 

CAPACITOR MOTOR: VORE version of split- 
phase motor, employing capacitor in series with its 
starting winding, to produce phase displacement for 
starting. 

CAPACITY: Ability of battery to produce current over 
a given length of time. Capacity of a battery is 
measured in ampere-hours. 

CARRIER: Usually radio frequency continuous wave 
to which modulation is applied. Frequency of 
transmitting station. In a semiconductor the conduct- 
ing hole of an electron. 

CASCADE: Arrangement of amplifiers where output 
of one stage becomes input of next, throughout series 
of stages. 

CASCODE: Electron tubes connected so second tube 
acts as plate ioad for first. Used to obtain higher 
input resistance and retain low noise factor. 

CATHODE: Emitter in electron tube. 

CATHODE FOLLOWER: Single-stage Class A 
amplifier, output of which is taken from across 
unbypassed cathode resistor. 

CATHODE RAY TUBE (CRT): Vacuum tube in 
which electrons emitted from cathode are shaped into 
narrow beam and accelerated to high velocity before 
striking phosphor coated viewing screen. 

CAT WHISKER: Fine wire used to contact a crystal. 

C-BATTERY: Battery used to supply grid bias 
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voltages. 

CENTER FREQUENCY: Frequency of transmitted 
carrier wave in FM when no modulation is applied. 

CENTER TAP: Connection made to center of coil. 

CENTRAL PROCESSING UNIT: The computer com- 
ponent that directs or controls computer operations. 
It is composed of an arithmetic logic unit, a control 
unit, and internal memory. 

CHARACTERISTIC CURVE: Graphic representation 
of characteristics of component, circuit, or device. 

CHIP: A complete circuitry package contained on a 
small piece of silicon. The circuit often consists of 
diodes, resistors, capacitors, and connector wires. 

CHOKE INPUT FILTER: Filter employing choke as 
its input. 

CIRCUIT: A complete pathway on which a current 
flows. 

CIRCUIT BREAKER: Safety device which auto- 
matically opens circuit if overloaded. 

CIRCULAR MIL: Cross-sectional area of conductor 
one mil in diameter. 

CIRCULAR-MIL-FOOT: Unit conductor one foot 
long with cross-sectional area of one circular mil. 

CIRCULATING CURRENT: Inductive and capacitive 
currents flowing around parallel circuit. 

COAXIAL LINE: Concentric transmission line in which 
inner conductor is insulated from tubular outer 
conductor. 

COEFFICIENT OF COUPLING (K): Percentage of 
coupling between coils, expressed as a decimal. 
COLLECTOR: The electrode that collects electrons in 
a tube after they have performed their function. 
COLPITTS OSCILLATOR: A basic type of oscillator 
that is characterized by tapped capacitors in the tank 

circuit. 

COMMON BASE: Transistor circuit, in which base 

is common to input and output circuits. 

COMMON COLLECTOR: Transistor circuit in which 

collector is common to input and output circuits. 

COMMON EMITTER: Transistor circuit in which 

emitter is common to input and output circuits. 

COMMUTATION: Process of reversing current in 
armature coils and conducting direct circuit to 
external circuit by means of commutator segments 
and brushes. 

COMMUTATOR: Group of bars providing connec- 
tions between armature coils and brushes. 
Mechanical switch to maintain current in one direc- 
tion in external circuit. 

COMPLEMENTARY METAL-OXIDE LOGIC 
(CMOS): A digital circuit arrangement that uses field 
effect transistors for its logic circuits. 

COMPOUND GENERATOR: Uses both series and 
shunt windings. A source of energy that converts 
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mechanical energy to electrical energy. 

COMPOUND GENERATORS, 

FLAT: When no-load and full-load voltages have 
same value. 

OVER: Full-load voltage is higher than no-load 
voltage. 

UNDER: Full-load voltage is less than no-load 
voltage. 

COMPUTER: A machine that accepts data, processes 
it according to a stored program of instructions, and 
outputs the results. 

CONDENSER: Older name for a capacitor. 

CONDUCTANCE: Ability of circuit to conduct cur- 
rent. Symbol is G. It is equal to amperes per volt and 
, Pa l 
is measured in siemens. G = R: 

CONDUCTION BAND: Outermost energy level of 
atom. 

CONDUCTIVITY, N TYPE: Conduction by electrons 
in N-type crystal. 

CONDUCTIVITY, P TYPE: Conduction by holes in 
a P-type crystal. 

CONDUCTOR: A low resistance material along which 
electric current can easily flow. Conductors have low 
resistance. 

CONTINUOUS WAVE (cw): Uninterrupted sinusoidal 
rf wave radiated into space, with all wave peaks equal 
in amplitude and evenly spaced along time axis. 

CONTRAST: In television. Relative difference in 
intensity between blacks and white in reproduced 
picture. 

CONTROL GRID: Grid in vacuum tube closest to 
cathode. Grid to which input signal is fed to tube. 

CONVERTER: Electromechanical system for chang- 
ing alternating current to direct current. 

COORDINATES: Horizontal and vertical distances 
used to locate point on graph. 

COPPER LOSSES: Heat losses in motors, generators 
and transformers as result of resistance of wire. 
Sometimes called the I?R loss. 

COULOMB: Quantity of electrons representing 
approximately 6.24 x 10'8 electrons. 

COUNTER EMF (cemf): Voltage induced in conduc- 
tor moving through magnetic field which opposes 
source voltage. 

COUPLING: Percentage of mutual inductance 
between coils. Also called linkage. 

COVALENT BOND: Atoms joined together, sharing 
each other’s electrons to form stable molecule. 
CROSSOVER FREQUENCY: Frequency in crossover 
network at which equal amount of energy is delivered 

to each of two loudspeakers. 

CROSSOVER NETWORK: Network designed to 
divide audio frequencies into bands for distribution 
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to loudspeakers. 

CROSS NEUTRALIZATION: Method of neutraliza- 
tion used with push-pull amplifiers, where part of 
output from each tube is fed back to grid circuit of 
each opposite tube through capacitor. 

CROSS TALK: Leakage from one audio line to 
another which produces objectional background 
noise. 

CRYSTAL DIODE: Diode formed by small semicon- 
ductor crystal and cat whisker. 

CRYSTAL LATTICE: Structure of material when 
outer electrons are joined in covalent bond. 

C-SUPPLY: Voltages supplied for grid bias of elec- 
tron tubes, usually negative voltage. 

CURRENT: Transfer of electrical energy in conduc- 
tor by means of electrons moving constantly and 
changing positions in vibrating manner. Its symbol 
is I. 

CUTOFF BIAS: Value of negative voltage applied to 
grid of tube which will cut off current flow through 
tube. 

CW: Abbreviation for continuous wave. 

CYCLE: Set of events occurring in sequence. One com- 
plete reversal of an alternating current from positive 
to negative and back to starting point. 
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DAMPER: Tube used in television set as half-wave rec- 
tifier to prevent oscillations in horizontal output 
transformer. 

DAMPING: Gradual decrease in amplitude of oscilla- 
tions in tuned circuit, due to energy dissipated in 
resistance. 

D'ARSONVAL METER: Stationary-magnet moving 
coil meter. 

DATA: The information given to the computer for 
processing. 

DBM: Loss or gain in reference to arbitrary power level 
of one milliwatt. 

DC: Direct current. 

DC AMPLIFIER: Directly coupled amplifier that 
amplifies without loss of dc components. 

DC COMPONENT: A de value of ac wave which has 
axis other than zero. 

DC GENERATOR: Generator with connections to 
armature through a commutator. Output is direct 
current. 

DECAY: Term used to express gradual decrease in 
values of current and voltage. 

DECIBEL: One-tenth of a Bel. 

DECLINATION: Angle between true north and 
magnetic north. ' 

DECODER: Part of the communications block 
diagram that changes the coded message into an 
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uncoded message. 

DEFLECTION: Deviation from zero of needle in 
meter. Movement or bending of an electron beam. 

DEFLECTION ANGLE: Maximum angle of deflec- 
tion of electron beam in TV picture tube. 

DEGENERATIVE FEEDBACK: Feedback 180 deg. 
out of phase with input signal so it subtracts from 
input. 

DELTA-TYPE ELECTRON GUN: The electron gun 
arrangement where the guns are placed 120 deg. 
apart in a color picture tube. 

DEMODULATION: Process of removing modulating 
signal intelligence from carrier wave in radio receiver. 

DEPLETION LAYER: In a semiconductor, region in 
which mobile carrier charge density is insufficient 
to neutralize net fixed charge of donors and accep- 
tors. (IRE). 

DEPOLARIZER: Chemical agent, rich in oxygen, 
introduced into cell to minimize polarization. 

DETECTION: See DEMODULATION. 

DIAPHRAGM: Thin disk, used in an earphone for 
producing sound. 

DIELECTRIC: Insulating material between plates and 
capacitor. 

DIELECTRIC CONSTANT: Numerical figure 
representing ability of dielectric or insulator to sup- 
port electric flux. Dry air is assigned number 1. 

DIELECTRIC FIELD OF FORCE: See ELEC- 
TROSTATIC FIELD. 

DIFFUSION: Movement of carriers across semicon- 
ductor junction in absence of external force. 

DIGITAL CIRCUITS: Electronic circuits that handle 
digital information (on or off) using switching 
circuits. 

DIGITAL METER: An electronic meter in which the 
output is displayed as a number rather than on a 
meter. 

DIGITAL INTEGRATED CIRCUIT: A switching 
type (on or off) integrated circuit. 

DIODE: Two-element tube containing cathode and 
plate. 

DIODE DETECTOR: Detector circuit utilizing 
unilateral conduction characteristics of diode. 

DIODE-TRANSISTOR LOGIC (DTL): An arrange- 
ment of digital circuits using diodes, resistors, and 
transistors to produce logic gates. 

DIP SWITCH: A microminiature switch made in an 
in-line assembly (having multiple switches) that is 
used in computers for attaching peripherals, such as 
printers. 

DIRECT CURRENT (dc): Flow of electrons in one 
direction. 

DISCRIMINATOR: A type of FM detector. 

DISTORTION: The deviations in amplitude, phase, 
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and frequency between input and output signals of 
amplifier or system. Ñ 

DOMAIN THEORY: Theory concerning magnetism, 
assuming that atomic magnets produced by move- 
ment of planetary electrons around nucleus have 
strong tendency to line up together in groups. These 
groups are called domains. 

DONOR IMPURITY: Impurity added to semiconduc- 
tor material which creates negative electron carriers. 

DOPING: Adding impurity to semiconductor material. 

DRY CELL: Non-liquid cell, which is composed of zinc 
case, carbon positive electrode, and paste of ground 
carbon, manganese dioxide, and ammonium chloride 
as electrolyte. 

DYNAMIC CHARACTERISTICS: Characteristics of 
tube describing the actual control of grid voltage over 
plate current when tube is operating as an amplifier. 

DYNAMIC PLATE RESISTANCE: See AC PLATE 
RESISTANCE. 

DYNAMIC SPEAKER: Loudspeaker which produces 
sound as result of reaction between fixed magnetic 
field and fluctuating field of voice coil. 

DYNAMOME TER: Measuring instrument based on 
opposing torque developed between two sets of cur- 
rent carrying coils. 

DYNAMOTOR: Motor-generator combination using 
two windings on single armature. Used to convert 
ac to dc. 
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EDISION CELL: Cell using positive electrodes of 
nickel oxide and negative electrodes of powdered 
iron. The electrolyte is dilute solution of sodium 
hydroxide. 

EDISION EFFECT: Effect first noticed by Thomas 
Edison, in which emitted electrons were attracted to 
positive plate in vacuum tube. 

EDDY CURRENT LOSS: Heat loss resulting from 
eddy current flowing through resistance of core. 
EDDY CURRENTS: Induced current flowing in 

rotating core. 

EFFECTIVE RESISTANCE: Ratio between true 
power absorbed in circuit to square of effective cur- 
rent flowing in circuit. 

EFFECTIVE VALUE: That value of alternating cur- 
rent of sine wave form that has equivalent heating 
effect of a direct current (.707 x Epeak). 

EFFICIENCY: Ratio between output power and input 
power. 

ELECTRIC FIELD OF FORCE: See ELEC- 
TROSTATIC FIELD. 

ELECTRICITY: The flow of electrons. 

ELECTRODE: Elements in a cell. 


ELECTRODYNAMIC SPEAKER: Dynamic speaker 
that uses electromagnetic fixed field. 

ELECTROLYTE: Acid solution in a cell. 

ELECTROLYTIC CAPACITOR: Capacitor with 
positive plate of aluminum and negative plate of dry 
paste or liquid. Dielectric is thin coat of oxide on 
aluminum plate. 

ELECTROMAGNET: Coil wound on soft iron core. 
When current runs through coil, core becomes 
magnetized. 

ELECTROMOTIVE FORCE (emf): Force that causes 
free electrons to move in conductor. Unit of 
measurement is the volt. 

ELECTRON: Negatively charged particle. 

ELECTRONICS: The study of the flow of electrons 
in active devices, such as transistors, semiconduc- 
tors, diodes, or integrated circuits. 

ELECTRON TUBE: Highly evacuated metal or glass 
shell which encloses several elements. 

ELECTROSTATIC FIELD: Space around charged 
body in which its influence is felt. 

ELECTROSTRICTION: Piezoelectric property of 
some elements in which they change in shape and 
size when voltage is applied and conversely, they pro- 
duce voltage when subjected to pressure or stress. 

ELEMENT: A distinct substance in which either alone 
or in combination with other elements, makes up all 
matter in the universe. 

EMISSION: Escape of electrons from a surface. 

EMISSION, COLD CATHODE: Phenomena of elec- 
trons leaving surface of a material caused by high 
potential field. 

EMISSION, TYPES: 

AO: Continuous wave, no modulation. 

Al: Continuous wave, keyed. 

A2: Telegraphy by keying modulating audio fre- 
quency. 

A3: Telephony. 

A4: Facsimile. 

AS: Television. 

FO: Continuous wave, no FM. 

Fl: Telegraphy by frequency shift keying. 

F2: Telegraphy by keying modulating audio fre- 
quency. 

F3: Telephone—FM. 

F4: Facsimile. 

FS: Television. 

EMITTER: In transistor, semiconductor section, either 
P or N, which emits minority carriers. The cathode 
in a vacuum tube from which electrons are emitted. 

ENCODER: Part of the communications block 
diagram that changes the information source into 
coded form. 

ENERGY: That which is capable of producing work. 


412 


Dictionary of Terms 


ENVELOPE: Enclosed waveform made by outlining 
peaks of modulated RF waves. 

EXCITER: Small dc generator used to excite or 
energize field windings of large alternator. 

EXCLUSIVE NOR GATE (XNOR): A logic gate that 
provides a logic high output (1) only if all inputs are 
logic high or logic low. 

EXCLUSIVE OR GATE (XOR): A logic gate that pro- 
vides a high output (1) whenever any, but not all, 
inputs are logic high. 
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FARAD: Unit of measurement of capacitance. A 
capacitor has a capacitance of one farad when charge 
of one coulomb raises its potential one volt. 

no 
a E 

FEEDBACK: Transferring voltage from output of cir- 
cuit back to its input. 

FIELD MAGNETS: Electromagnets which make mag- 
netic field motors or generators. 

FILAMENT: Heating element in vacuum tube coated 
with emitting material so it acts also as cathode. 
FILTER: Circuit used to attenuate specific band or 

bands of frequencies. 

FLOPPY DISK: A small, flexible disk used with com- 
puters to store data. This disk is coated with magnetic 
oxide. 

FLUORESCENT: Property of a phosphor which 
indicates that radiated light will be extinguished when 
electron bombardment ceases. 

FLUX DENSITY: Number of lines of flux per cross- 
sectional area of magnetic circuit. Its symbol is B. 

FREQUENCY: Number of complete cycles per second 
measured in hertz (Hz). 

FREQUENCY BANDS: Abbreviations and ranges as 
follows: 
vif: Very low frequencies 10-30 kHz. 
lf: Low frequencies 30-300 kHz. 
mf: Medium frequencies 300-3000 kHz. 
hf: High frequencies 3-30 MHz. 
vhf: Very high frequencies 30-300 MHz. 
uhf: Ultra high frequenices 300-3000 MHz. 
shf: Super high frequencies 3000-30,000 MHz. 
ehf: Extremely high frequencies 30,000-300,000 

MHz. 

FREQUENCY DEPARTURE: Instantaneous change 
from center frequency in FM as result of modulation. 

FREQUENCY DISTORTION: Deviation in frequency 
caused by signals of some frequencies being 


amplified more than others, or when some © 


frequencies are excluded. 
FREQUENCY DOUBLER: Amplifier stage in which 


plate circuit is tuned to twice the frequency of grid 
tank circuit. 

FREQUENCY METER: Meter used to measure fre- 
quency of an ac source. 

FREQUENCY MODULATION (FM): Varying fre- 
quency of rf carrier wave at an audio rate. 

FREQUENCY RESPONSE: Rating of device 
indicating its ability to operate over specified range 
of frequencies. 

FREQUENCY TRIPLER: Amplifier stage in which 
plate circuit is tuned to three times the frequency (sec- 
ond harmonic) of grid circuit. 

FULL-WAVE RECTIFIER: Rectifier circuit which 
produces a dc pulse output for each half-cycle of 
applied alternating current. 

FUNDAMENTAL: A sine wave that has the same 
frequency as complex periodic wave. Component 
tone of lowest pitch in complex tone. Reciprocal of 
period of wave. 

FUSE: Safety protective device which opens an elec- 
tric circuit if overloaded. Current above rating of 
fuse will melt fusible link and open circuit. 
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GAIN: Ratio of output ac voltage to input ac voltage. 

GALVANOMETER: Meter which indicates very small 
amounts of current. 

GAS FILLED TUBE: Tubes designed to contain 
specific gas in place of air, usually nitrogen, neon, 
argon, or mercury vapor. 

GAUSS: Measurement of flux density in lines per 
Square centimeter. 

GENERATOR: Rotating electric machine which pro- 
vides a source of electrical energy. A generator con- 
verts mechanical energy to electric energy. 

GHOST: In TV, a duplicate image of reproduced pic- 
ture, caused by multipath reception of reflected 
signals. 

GILBERT: Unit of measurement of magnetomotive 
force. Represents force required to establish one 
maxwell in circuit with one Rel of reluctance. 

GRID: Grid of fine wire placed between cathode and 
plate of an electron tube. 

GRID BIAS: Voltage between the grid and cathode, 
usually negative. 

GRID CURRENT: Current flowing in grid circuit of 
electron tube, when grid is driven positive. 

GRID DIP METER: A test instrument for measuring 
resonant frequencies, detecting harmonics, and 
checking relative field strength of signals. 

GRID LEAK DETECTOR: Triode amplifier con- 
nected so it functions like a diode detector and an 
amplifier. Detection takes place in grid circuit. 
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GRID MODULATION: Modulation circuit where 
modulating signal is fed to grid of modulated stage. 

GRID VOLTAGE: Bias or C voltage applied to grid 
of a vacuum tube. 

GROUND: The common return circuit in electronic 
equipment whose potential is zero. A connection to 
earth by means of plates or rods. 


H 


HALF-WAVE RECTIFIER: Rectifier which permits 
one-half of an alternating current cycle to pass and 
rejects reverse current of remaining half-cycle. Its 
output is pulsating dc. 

HARMONIC FREQUENCY: Frequency which is 
multiple of fundamental frequency. 

HARTLEY OSCILLATOR: A basic type of oscillator 
that has a tapped oscillator coil. 

HEATER: Resistance heating element used to heat 
cathode in vacuum tube. 

HEAT SINK: Mass of metal used to carry heat away 
from component. 

HENRY (H): Unit of measurement of inductance. A 
coil has one henry of inductance if an emf of one 
volt is induced when current through inductor is 
changing at rate of one ampere per second. 

HERTZ (Hz): Basic unit for frequency. One hertz 
equals one cycle per second. 

HETERODYNE: Process of combining two signals of 
different frequencies to obtain different frequency. 

HOLE: Positive charge. A space left by removed 
electron. 

HOLE INJECTION: Creation of holes in semiconduc- 
tor material by removal of electrons by strong elec- 
tric field around point contact. 

HORIZONTAL POLARIZATION: An antenna posi- 
tioned horizontally, so its electric field is parallel to 
earth’s surface. 

HORSEPOWER: 33,000 ft. lb. of work per minute 
or 550 ft. lb. of work per second equals one 
horsepower. Also 746 watts = 1 HP. 

HUM: Form of distortion introduced in an amplifier 
as result of coupling to stray electromagnetic and 
electrostatic fields or insufficient filtering. 

HYDROMETER: Bulb-type instrument used to 
measure specific gravity of a liquid. 

HYSTERESIS: Property of magnetic substance that 
causes magnitization to lag behind force that pro- 
duced it. 

HYSTERESIS LOOP: Graph showing density of 
magnetic field as magnetizing force is varied 
uniformly through one cycle of alternating current. 

HYSTERESIS LOSS: Energy loss in substance as 
molecule or domains move through cycle of 
magnetization. Loss due to molecular friction. 
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IF AMPLIFIER: Used to increase power output of 
audio frequencies. 

IMPEDANCE (Z): Total resistance to flow of an alter- 
nating current as a result of resistance and reactance. 

INDEPENDENTLY EXCITED GENERATOR: A 
source of electrical energy whose field windings are 
excited by a separate dc source. 

INDIRECTLY HEATED: Electron tube employing 
separate heater for its cathode. 

INDUCED CURRENT: Current that flows as result 
of induced electromotive force. 

INDUCED EMF: Voltage induced in conductor as it 
moves through magnetic field. 

INDUCTANCE: Inherent property of electric circuit 
that opposes a change in current. Property of cir- 
cuit whereby energy may be stored in magnetic field. 

INDUCTION MOTOR: An ac motor operating on 
principle of rotating magnetic field produced by out 
of phase currents. Rotor has no electrical connec- 
tions, but receives energy by transformer action from 
field windings. Motor torque is developed by interac- 
tion of rotor current and rotating field. 

INDUCTIVE CIRCUIT: Circuit in which a noticeable 
emf is induced while current is changing. 

INDUCTIVE REACTANCE (X,): Opposition to an 
ac current as a result of inductance. 

INPUT: Data placed into a computer. The process of 
putting data in a computer. 

INSTANTANEOUS VALUE: Any value between zero 
and maximum depending upon instant selected. 
INSULATION RESISTANCE: Resistance to current 
leakage through and over surface of insulating 

material. 

INSULATOR: A material which possesses a high 
resistance to current flow (electricity). 

INTEGRATED CIRCUIT: A packaged electronic cir- 
cuit containing resistors, transistors, diodes, and 
capacitors with their interconnected leads. These are 
usually processed from a chip of silicon. 

INTENSITY: Magnetizing force per unit length of 
magnetic circuit. 

INTERELECTRODE CAPACITANCE: Capacitance 
between metal elements in an electron tube. 

INTERLACE SCANNING: Process in television of 
scanning all odd lines and then all even lines to 
reproduce picture. Used in United States. 

INTERNAL RESISTANCE: Refers to internal 
resistance of source of voltage or emf. A battery or 
generator has internal resistance which may be 
represented as a resistor in series with source. 

INTERPOLES: Auxiliary poles located midway 
between main poles of generator to establish flux 
or satisfactory commutation. 
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INTERRUPTED CONTINUOUS WAVE (icw): Con- 
tinuous wave radiated by keying transmitter into long 
and short pulses of energy (dashes and dots), con- 
forming to code such as Morse Code. 

INTERSTAGE: Existing between stages, such as an 
interstage transformer between two stages of 
amplifiers. 

INTRINSIC SEMICONDUCTOR: Semiconductor 
with electrical characteristics similar to a pure crystal. 

IONIZATION: The loss or gain of one or more 
electrons. 

IONIZATION POTENTIAL: Voltage applied to a gas- 
filled tube at which ionization occurs. 

IONOSPHERE: Atmospheric layer from 40 to 350 
miles above the earth, containing a high number of 
positive and negative ions. 

IR DROP: See VOLTAGE DROP. 

IRON VANE METER: Meter based on principle of 
repulsion between two concentric vanes placed inside 
a solenoid. 

ISOLATION: Electrical separation between two 
locations. 
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JOULE: Unit of energy equal to one watt-second. 

JUNCTION DIODE: PN junction, having unidirec- 
tional current characteristics. 

JUNCTION TRANSISTOR: Transistor consisting of 
thin layer of N or P type crystal between P or N type 
crystals. Designated as NPN or PNP. 
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KEY: Manually operated switch used to interrupt rf 
radiation of transmitter. 

KEY CLICK FILTER: Filter in keying circuit of a 
transmitter to prevent surges of current and prevent 
sparking at key contacts. 

KEYING: Process of causing cw transmitter to radiate 
an rf signal when key contacts are closed. 

KEYING, 

CATHODE: Key is inserted in grid and cathode cir- 
cuits of keyed stage. 

GRID-BLOCK: Keying stage by applying high nega- 
tive voltage on grid of tube. 

PLATE: Key is inserted in plate circuit of stage to 

be keyed. 

KILO: One thousand times. 

KILOGAUSS: One thousand gausses. 

KILOWATT-HOUR (kWh): 1000 watts per hour. 
Common unit of measurement of electrical energy 


for home and industrial use. Power is priced by the . 


kWh. 
KIRCHHOFF’S LAW OF CURRENT: At any junc- 


tion of conductors in a circuit, algebraic sum of cur- 
rents is zero. 

KIRCHOFF’S LAW OF VOLTAGES: In simple cir- 
cuit, algebraic sum of voltages around circuit it equal 
to zero. 
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LAGGING ANGLE: Angle current lags voltage in 
inductive circuit. 

LAMBDA: Greek letter A. Symbol for wavelength. 

LAMINATIONS: Thin sheets of steel used in cores of 
transformers, motors, and generators. 

LARGE SCALE INTEGRATION (LSI): A complete 
computer circuit built on a single silicon chip with 
up to 1000 components. 

LAWS OF MAGNETISM: Like poles repel; unlike 
poles attract. 

L/C RATIO: Ratio of inductance to capacitance. 

LEAD ACID CELL: Secondary cell which uses lead 
peroxide and sponge lead for plates, and sulfuric acid 
and water for electrolyte. 

LEADING ANGLE: Angle current leads voltage in 
capacitive circuit. 

LECLANCHE CELL: Scientific name for common 
dry cell. 

LEFT-HAND RULE: A method using your left hand, 
to determine polarity of an electromagnetic field or 
direction of electron flow. 

LENZ’S LAW: Induced emf in any circuit is always 
in such a direction as to oppose effect that produces 
it. 

LIGHT EMITTING DIODE (LED): Special function 
diode that, when connected in the forward bias direc- 
tion, emits light. 

LIMITER: A stage or circuit that limits all signals at 
the same maximum amplitude. 

LINEAR: Continuously variable. 

LINEAR AMPLIFIER: An amplifier whose output is 
in exact proportion to its input. 

LINEAR DETECTOR: Detector using linear portions 
of characteristic curve on both sides of knee. Out- 
put is proportional to input signal. 

LINEAR DEVICE: Electronic device or component 
whose current-voltage relation is a straight line. 
LINEAR INTEGRATED CIRCUIT: An amplifying 

(variable output) integrated circuit. 

LINEARITY: Velocity of the scanning beam. It must 
be uniform for good linearity. 

LINES OF FORCE: Graphic representation of elec- 
trostatic and magnetic fields showing direction and 
intensity. 

LITHIUM BATTERY: A primary cell that has a long 
life. 

LIQUID CRYSTAL DISPLAYS: A digital or 
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alphanumeric display unit that can be used in visual 
outputs for information. _ 

LOAD: Resistance connected across circuit which 
determines current flow and energy used. 

LOAD LINE: Line drawn on characteristic family of 
curves of electron tube, when used with specified 
load resistor, representing plate current at zero and 
maximum plate voltage. 

LOCAL ACTION: Defect in voltaic cells caused by 
impurities in zinc, such as carbon, iron, and lead. 
Impurities form many small internal cells which con- 
tribute nothing to external circuit. Zinc is wasted 
away, even when cell is not in use. 

LOCAL OSCILLATOR: Oscillator in superheterodyne 
receiver, output of which is mixed with incoming 
signal to produce intermediate frequency. 

LODESTONE: Natural magnet, so called a “leading 
stone” or lodestone because early navigators used it 
to determine directions. 

LOUDSPEAKER: Device to convert electrical energy 
into sound energy. 

L-SECTION FILTER: Filter consisting of capacitor 
and an inductor connected in an inverted L 
configuration. 
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MAGNET: Substance that has the property of 
magnetism. 

MAGNETIC AMPLIFIER: Transformer type device 
employing a de control winding. Control current pro- 
duces more or less magnetic core saturation, thus 
varying output voltage of amplifier. 

MAGNETIC CIRCUIT: Complete path through which 
magnetic lines of force may be established under 
influence of magnetizing force. 

MAGNETIC FIELD: Imaginary lines along which 
magnetic force acts. These lines emanate from north 
pole and enter south pole, forming closed loops. 

MAGNETIC FLUX: Entire quantity of magnetic lines 
surrounding a magnet. Its symbol is $ (phi). 

MAGNETIC LINE OF FORCE: Magnetic line along 
which compass needle aligns itself. 

MAGNETIC MATERIALS: Materials such as iron, 
steel, nickel, and cobalt which are attracted to 
magnet. 

MAGNETIC PICKUP: Phono cartridge which pro- 
duces an electrical output from armature in magnetic 
field. Armature is mechanically connected to 
reproducing stylus. 

MAGNETIC SATURATION: This condition exists in 
magnetic material when further increase in magnetiz- 
ing force produces very little increase influx densi- 
ty. Saturation point has been reached. 

MAGNETIZATION: Graph produced by plotting 
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intensity of magnetizing force on X axis and relative 
magnetism on Y axis. 

MAGNETIZING CURRENT: Current used in trans- 
former to produce transformer core flux. 

MAGNETOMOTIVE FORCE (F) (mmf): Force that 
produces flux in magnetic circuit. 

MAGNET POLES: Point of maximum attraction on 
a magnet; designated as north and south poles. 
MAJOR CARRIER: Conduction through semiconduc- 
tor as result of majority of electrons or holes. 
MATTER: Anything that occupies space or has mass. 
MAXIMUM POWER TRANSFER: This condition 
exists when resistance of load equals internal 

resistance of source. 

MAXIMUM VALUE: Peak value of sine wave either 
in positive or negative direction. 

MAXWELL: One single line of magnetic flux. 

MEGA: Prefix meaning one million times. 

MEMORY: The storage facilities of a computer. The 
term is used to refer to internal storage only, as 
opposed to auxiliary storage, such as disks or tapes. 

MERCURY VAPOR RECTIFIER: Hot cathode diode 
tube which uses mercury vapor instead of high 
vacuum. 

METALLIC RECTIFIER: Rectifier made of copper 
oxide, based on principle that electrons flow from 
copper to copper oxide but not from copper oxide 
to copper. It is unidirectional conductor. 

MHO: Old unit of measurement of conductance. 

MICA CAPACITOR: Capacitor made of metal foil 
plates separated by sheets of mica. 

MICRO: Prefix meaning one millionth. 

MICROCOMPUTER: A computer whose CPU is con- 
tained on a single chip; usually portable. 

MICROFARAD (uF): One millionth of a farad. 

MICROHENRY (4H): One millionth of a henry. 

MICROMHO: One millionth of a mho. 

MICROPHONE: Energy converter that changes sound 
energy into corresponding electrical energy. 

MICROPROCESSOR: A single IC that does the pro- 

cessing in a microcomputer. 

MICROSECOND: One millionth of a second. 

MIL: One thousandth of an inch (.001 inches). 

MIL-FOOT: A wire which is one mil in diameter and 

one foot long. 

MILLI: Prefix meaning one thousandth. 

MILLIAMMETER: Meter which measures in milliam- 
meter range of currents. 

MILLIHENRY (mH): One thousandth of a henry. 

MINOR CARRIER: Conduction through semiconduc- 
tor opposite to major carrier. Example: If electrons 
are major carrier, then holes are minor carrier. 

MINUS: Negative terminal or junction of circuit. Its 
symbol is —. 
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MISMATCH: Incorrect matching of load to source. 

MIXER: Multi-grid tube used to combine several input 
signals. 

MODEM: A circuit that changes computer data in such 
a way that it can be transmitted and received over 
telephone lines. 

MODULATED CONTINUOUS WAVE (mew): Car- 
rier wave amplitude modulated by tone signal of con- 
stant frequency. 

MODULATION: Process by which amplitude or 
frequency of sine wave voltage is made to vary 
according to variations of another voltage or cur- 
rent called modulation signal. 

MOLECULE: Smallest division of matter. If further 
subdivision is made, matter will lose its identity. 
MOTOR: Device which converts electrical energy into 

mechanical energy. 

MOTOR REACTION: Opposing force to rotation 
developed in generator, created by load current. 

MOTOR, 

COMPOUND: Uses both series and parallel field 
coils. 

SERIES: Field coils are connected in series with 
armature circuit. 

SHUNT: Field coils are connected in parallel with 
armature circuit. 

MU (yu): Greek letter representing the amplification fac- 
tor of a tube. 

MULTIELEMENT TUBE: Electron tube with more 
elements than cathode, plate, and grid. 

MULTIGRID TUBE: Special tube with 4, 5, or 6 grids. 

MULTIMETER: Combination volt, ampere, and ohm 
meter. 

MULTIPLIER: Resistance connected in series with 
meter movement to increase its voltage range. 

MULTIUNIT TUBE, 

HEXODE: Six elements with four grids. 

HEPTODE: Seven elements with five grids. 

OCTODE: Eight elements with six grids. 

TWIN DIODE: Two diodes in one envelope. 

TWIN DIODE TRIODE: Diode and triode in one 
envelope. 

TWIN DIODE TETRODE: Diode and tetrode in 

one envelope. 

TWIN PENTODE: Two pentodes in one envelope. 

MULTIVIBRATORS, 

ASTABLE: A free-running multivibrator. 

BISTABLE: A single trigger pulse switches conduc- 
tion from one tube to the other. 

CATHODE COUPLED: Both tubes have a common 
cathode resistor. 

FREE RUNNING: Frequency of oscillation depends 


on value of circuit components. Continuous 


oscillation. 
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MONOSTABLE: One trigger pulse is required to 
complete one cycle of operation. 

ONE SHOT: Same as MONOSTABLE. 

PLATE COUPLED: The plates of the tubes and 
grids are connected by RC networks. 

MUTUAL INDUCTANCE (M): Two coils located so 

that magnetic flux of one coil can link with turns 

of other coil. The change in flux of one coil will cause 

an emf in other. 
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NAND GATE: A negative AND logic gate. 

NATURAL MAGNET: Magnets found in natural state 
in form of mineral called magnetite. 

NEGATIVE ION: Atom which has gained electrons 
and is negatively charged. 

NETWORK: Two or more components connected in 
either series or parallel. 

NEUTRALIZATION: Process of feeding back voltage 
from plate of amplifier to grid, 180 deg. out of 
phase, to prevent self-oscillation. 

NEUTRON: Particle which is electrically neutral. 
NICKEL CADMIUM CELL: Alkaline cell with paste 
electrolyte hermetically sealed. Used in aircraft. 

NOISE: Any desired interference to a signal. 

NO LOAD VOLTAGE: Terminal voltage of battery 
or supply when no current is flowing in external 
circuit. 

NONLINEAR DEVICE: Electronic device or compo- 
nent whose current-voltage relation is not a straight 
line. 

NOR GATE: A negative OR logic gate. 

NOT GATE: An inverter that changes the polarity of 
an incoming signal in the output. 

NUCLEUS: Core of the atom. 
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OERSTED: Unit of magnetic intensity equal to one 
gilbert per centimeter. 

OHM: Unit of measurement of resistance. Its symbol 
is Q. 

OHMMETER: Meter used to measure resistance in 
ohms. 

OHM’S LAW: Mathematical relationship between cur- 
rent, voltage, and resistance discovered by George 
Simon Ohm. 


OHMS PER VOLT: Unit of measurement of sensitivity 
of a meter. 
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OPEN CIRCUIT: Circuit broken or load removed. 
Load resistance equals infinity. 

OPERATIONAL AMPLIFIER (OP AMP): A type of 
linear integrated circuit that is used as basic amplifier 
circuit. 

OR GATE: A logic gate that will provide an output 
signal if there is a signal on either of its inputs. 
OSCILLATOR: An electron tube generator of alter- 

nating current voltages. 

OSCILLATORS, 

ARMSTRONG: An oscillator using tickler coil for 
feedback. 

COLPITTS: An oscillator using split tank capacitor 
as feedback circuit. 


CRYSTAL-CONTROLLED: Oscillator controlled . 


by piezoelectric effect. 

ELECTRON COUPLED OSCILLATOR (ECO): 
Combination oscillator and power amplifier 
using electron stream as coupling medium between 
grid and plate tank circuits. 

HARTLEY: Oscillator using inductive coupling of 
tapped tank coil for feedback. 

PUSH-PULL: Push-pull circuit using interelectrode 
capacitance of each tube to feed back energy 
to grid circuit to sustain oscillations. 

RC OSCILLATORS: Oscillators depending upon 
charge and discharge of capacitor in series with 
resistance. 

TRANSITRON: Oscillator using negative transcon- 
ductance. 

TUNED-GRID TUNED-PLATE: Oscillator using 
tuned circuits in both grid and plate circuits. 

ULTRAUDION: Oscillator, similar to Colpitts, but 
employing grid-to-cathode and plate-to-cathode 
interelectrode capacitance for feedback. 

OSCILLOSCOPE: Test instrument, using cathode ray 
tube, permitting observation of signal. 

OUTPUT: Processed results of a computer. 

OUTPUT DEVICE: Equipment that records or 
displays processed results of a computer. 

OVERMODULATION: Condition when modulating 
wave exceeds amplitude of continuous carrier wave, 
resulting in distortion. 
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PARALLEL CIRCUIT: Circuit which contains two 
or more paths for electrons supplied by common 
voltage source. 

PARALLEL RESONANCE: Parallel circuit of an 
inductor and capacitor at frequency when inductive 
and capacitive reactances are equal. Current in 
capacitive branch is 180 deg. out of phase with 
inductive current and their vector sum is zero. 
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PARASITIC OSCILLATION: Oscillations in circuit 
resulting from circuit components or conditions, 
occuring at frequencies other than that desired. 

PEAK: Maximum value of sine wave. 

PEAK INVERSE VOLTAGE: Value of voltage 
applied in reverse direction across diode. 

PEAK INVERSE VOLTAGE RATING: Inverse 
voltage diode will withstand without arcback. 

PEAK REVERSE VOLTAGE: Same as peak inverse 
voltage. 

PEAK TO PEAK: Measured value of sine wave from 
peak in positive direction to peak in negative 
direction. 

PEAK VALUE: Maximum value of an alternating cur- 

. rent or voltage. 

PENTAGRID CONVERTER: Tube with five grids. 

PENTAVALENT: Semiconductor impurity having five 
valence electrons. Donor impurities. 

PENTODE: Electron tube with five elements including 
cathode, plate, control grid, screen grid, and sup- 
pressor grid. 

PERCENTAGE OF MODULATION: Maximum 
deviation from normal carrier value as result of 
modulation expressed as a percentage. 

PERCENTAGE OF RIPPLE: Ratio of rms value of 
ripple voltage to average value of output voltage 
expressed as a percentage. 

PERIOD: Time for one complete cycle. 

PERIPHERAL: A device that works as part of a com- 
puter but is joined to the outside of the process unit. 

PERMEANCE (P): Ability of a material to carry 
magnetic lines of force. The reciprocal of reluctance. 


1 
ee R 

PERMANENT MAGNET: Bars of steel and other 
substances which have been permanently 
magnetized. 

PERMEABILITY: Relative ability of substance to con- 
duct magnetic lines of force as compared with air. 
Its symbol is y. 

PHASE: Relationship between two vectors in respect 
to angular displacement. 

PHASE DISTORTION: A deviation in phase 
resulting from the shift of phase of some signal 
frequencies. 

PHASE INVERTER: Device or circuit that changes 
phase of a signal 180 deg. 

PHASE SPLITTER: Amplifier which produces two 
waves that have exactly opposite polarities from 
single input wave form. 

PHOTOELECTRIC EMISSION: Escape of electrons 
as a result of light striking the surface of certain 
materials. 
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PHOTONS: Light created when a positive hole and 
a negative electron combine in the PN junction 
region of a diode. 

PHOTOSENSITIVE: Term used to describe the 
characteristic of a material which emits electrons 
from its surface when energized by light. 

PHOTOTUBE: Vacuum tube employing photo sen- 
sitive material as its emitter or cathode. 

PICOFARAD (pF): Same as micromicrofarad. 

PICTURE ELEMENT: Small areas or dots of vary- 
ing intensity from black to white which contain visual 
image of scene. 

PIERCE OSCILLATOR: Crystal oscillator circuit in 
which crystal is placed between plate and grid cir- 
cuit of tube. 

PIEZOELECTRIC EFFECT: Property in which cer- 
tain crystalline substances change shape when an emf 
is impressed upon crystal. Action is also reversible. 

PI-SECTION FILTER: Filter consisting of two 
capacitors and an inductor connected in a T 
configuration. 

PITCH: Property of musical tone determined by its 
frequency. 

PLATE: Anode of vacuum tube. Element in tube 
which attracts electrons. 

PLATE DETECTOR: An rf signal is amplified and 
detected in plate circuit. Tube is biased to approx- 
imately cut-off by cathode resistor. 

PLATE EFFICIENCY: Ratio between useful output 
power to dc input power to plate of electron tube. 

PLATE MODULATION: Modulation circuit where 
modulating signal is fed to plate circuit of modulated 
Stage. 

PLUS: Positive terminal or junction of circuit. Its sym- 
bol is +. 

PM SPEAKER: Loudspeaker using a permanent 
magnet as its field. 

PN JUNCTION: Piece of N type and a piece of P type 
semiconductor material joined together. 

POINT CONTACT DIODE: Diode consisting of point 
and a semiconductor crystal. 

POLARITY: Property of device or circuit to have poles 
such as north and south or positive and negative. 

POLARIZATION: Defect in cell caused by hydrogen 
bubbles surrounding positive electrode and effective- 
ly insulating it from chemical reaction. Producing 
magnetic poles or polarity. 

POLES: Number of poles in motor or generator field. 

POLYPHASE: Consisting of currents having two or 
more phases. 

POSITIVE ION: Atom which has lost electrons and 
is positively charged. 

POWER: Rate of doing work. In dc circuits, P = I 

al 
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POWER AMPLIFICATION: Ratio of output power 
to input grid driving power. 

POWER DETECTOR: Detector designed to handle 
signal voltages having amplitudes greater than one 
volt. 

POWER FACTOR: Relationship between true power 
and apparent power of circuit. 

POWER SUPPLY: Electronic circuit designed to pro- 
vide various ac and dc voltages for equipment opera- 
tion. Circuit may include transformers, rectifiers, 
filters, and regulators. 

PREAMPLIFIER: Sensitive, low-level amplifier with 
sufficient output to drive standard amplifier. 

PREEMPHASIS: Process of increasing strength of 
signals or higher frequencies in FM at transmitter 
to produce greater frequency swing. 

PREFIX: A term added to the beginning of a base 
word to denote an increase or decrease in value. 

PRIMARY CELL: Cell that cannot be recharged. 

PRIMARY WINDING: Coil of transformer which 
receives energy from ac source. 

PRINTED CIRCUIT: A circuit made from very thin 
layers of conductive material (such as copper) 
adhered to a plastic backing. The circuit is etched 
to leave active pathways for the circuitry. 

PROGRAM: A set of instructions used to run a 
computer. 

PROGRAMMABLE READ ONLY MEMORY 
(PROM): Memory programmed once after the com- 
puter is built. 

PROTON: Positively charged particle. 

PULSE: Sudden rise and fall of a voltage or current. 

PULSE AMPLIFIER: An amplifier used to amplify 
pulses. 

PUSH-PULL AMPLIFIER: Two tubes used to 
amplify signal in such a manner that each tube 
amplifies one half cycle of signal. Tubes operate 180 
deg. out of phase. 
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Q: Letter representation for quantity of electricity 
(coulomb). 

Q: Quality, figure of merit; ratio between energy stored 
in inductor during time magnetic field is being 

XL 

R 

QUANTA: Definite amount of energy required to 
move an electron to higher energy level. 

QUIESCENT: At rest. Inactive. 
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RADIO FREQUENCY CHOKE (RFC): Coil which 
has high impedance to rf currents. 

RADIO SPECTRUM: Division of electromagnetic 
spectrum used for radio. 


established to losses during same time. Q = 
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RANDOM ACCESS MEMORY (RAM): Active 
memory that can read, write,‘and temporarily store 
data, when the computer is operating. 

RASTER: Area of light produced on screen of TV pic- 
ture tube by electron beam. Contains no picture 
information. 

RATIO DETECTOR: Type of FM detector. 

REACTANCE (X): Opposition to alternating current 
as result of inductance or capacitance. 

REACTIVE POWER: Power apparently used by reac- 
tive component of circuit. 

READ ONLY MEMORY (ROM): Memory for 
instructions and fixed data that is stored by the 
manufacturer. ROM cannot be changed. 

RECIPROCAL: Reciprocal of number is one divided 
by the number. 

RECTIFIER: Component or device used to convert ac 
into a pulsating dc. 

REGENERATIVE FEEDBACK: Feedback in phase 
with input signal so it adds to input. 

REGULATION: Voltage change that takes place in 
output of generator or power supply when load is 
changed. 

REGULATION, PERCENTAGE OF: Percentage of 
change in voltage from no-load in respect to full- 
load voltage. Expressed as: 

Eno load — Etui load y 100 = % 


0 
Es load 
REJECT CIRCUIT: Parallel tuned circuit at 


resonance. Rejects signals at resonant frequency. 

REL: Unit of measurement of reluctance. 

RELATIVE CONDUCTANCE: Percentage com- 
parison of conductance of material compared to 
silver which is considered 100 percent. 

RELATIVE RESISTANCE: Numerical comparison of 
resistance of a material compared to silver which is 
assigned value 1.0. 

RELAY: Magnetic switch. 

RELAXATION OSCILLATOR: Non-sinusoidal 
oscillator whose frequency depends upon time 
required to charge or discharge capacitor through 
resistor. 

RELUCTANCE: Resistance to flow of magnetic lines 
of force. 

REMOTE CUT-OFF TUBE: Tube which gradually 
approaches its cut-off point at remote bias point, 
due to special grid construction. 

REPULSION-START MOTOR: Motor which 
develops starting torque by interaction of rotor cur- 
rents and single-phase stator field. 

RESIDUAL MAGNETISM: Magnetism remaining in 
material after magnetizing force is removed. 

RESISTANCE: Quality of electric circuit that opposes 


flow of current through it. 

RESISTOR-TRANSISTOR LOGIC (RTL): An 
arrangement of digital circuits using resistors and 
transistors to perform logic function. This is no 
longer in use. 
RESONANT FREQUENCY: Frequency at which 
tuned circuit oscillates. See TUNED CIRCUIT. 
RETENTIVITY: Ability of material to retain 
magnetism after magnetizing force is removed. 
RETMA: Radio Electronics Television Manufacturer’s 
Association. 

RETRACE: Process of returning scanning beam to 
starting point after one line is scanned. 

REVERSE CURRENT CUTOUT: Relay which per- 
mits current to flow only in one direction. 

RF AMPLIFIER: Amplifier used to amplify radio 
frequencies. 

RIPPLE VOLTAGE: An ac component of dc output 
of power supply due to insufficient filtering. 

ROLL-OFF: Gradual attenuation with increase or 
decrease in frequency of signal. 

ROOT-MEAN-SQUARE (RMS) VALUE: The same 
as effective value. (.707 x Epeak) 

ROTOR: Rotating part of an ac generator. 

ROWLAND’S LAW: Law for magnetic circuits which 
states that number of lines of magnetic flux is in 
direct proportion to magnetomotive force and 
inversely proportional to reluctance of circuit. 

aces: 

R 

RUBEN (RM) CELL: Mercury cell employing mercuric 
oxide and zinc. Electrolyte is potassium hydroxide. 

RUMBLE: Low-frequency mechanical vibration of a 
turntable which is transmitted to recorded sound. 
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SATELLITE TV: Television in which the signals are 
sent via satellites. 
SATURATION CURRENT: Current through electron 
tube when saturation voltage is applied to plate. 
SATURATION VOLTAGE: Voltage applied to plate 
of vacuum tube so all emitted electrons are attracted 
to plate. 

SAWTOOTH GENERATOR: Electron tube oscillator 
producing sawtooth wave form. 

SAWTOOTH WAVE: Wave shaped like teeth of saw. 

SCAN: Process of sweeping electron beam across each 
element of picture in successive order, to reproduce 
total picture in television. 

SCHEMATIC: Diagram of electronic circuit showing 
electrical connections and identification of various 
components. 
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SCREEN GRID: Second grid in electron tube between 
control grid and plate that reduces interelectrode 
capacitance. 

SECONDARY CELL: Cell that can be recharged by 
reversing chemical action with electric current. 
SECONDARY EMISSION: Emission of electrons as 

result of electrons striking plate of electron tube. 

SECONDARY WINDING: Coil which receives energy 
from primary winding by mutual induction and 
delivers energy to load. , 

SECOND HARMONIC DISTORTION: Distortion of 
wave by addition of its second harmonic. 

SELECTIVITY: Relative ability of receiver to select 
desired signal while rejecting all others. 

SELF-INDUCTANCE: Emf is self-induced when it is 
induced in conductor carrying current. 

SEMICONDUCTOR: Conductor with resistivity 
somewhere in range between conductors and 
insulators. 

SEMICONDUCTOR, N TYPE: Semiconductor which 
uses electrons as major carrier. 

SEMICONDUCTOR, P TYPE: Semiconductor which 
uses holes as major carrier. 

SENSITIVITY: Ability of circuit to respond to small 
signal voltages. 

SENSITIVITY OF METER: Indication of loading 
effect of meter. Resistance of moving coil and 
multiplier divided by voltage for full scale deflec- 
tion. Sensitivity equals one divided by current 
required for full scale deflection. Example: A 100 pA 


1 
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meter movement has sensitivity of 
ohms/volt. 

SERIES CIRCUIT: Circuit which contains only one 
possible path for electrons through circuit. 

SERIES GENERATOR: A source of electrical energy 
whose field windings are connected in series with 
armature and load. 

SERIES PARALLEL: Groups of series cells with out- 
put terminals connected in parallel. 

SERIES RESONANCE: Series circuit of an inductor, 
capacitor, and resistor at a frequency when induc- 
tive and capacitive reactances are equal and cancel- 
ling. Circuit appears as pure resistance and has 
minimum impedance. 

SHADED POLE MOTOR: Motor in which each field 
pole is split to accommodate a short-circuit copper 
strap called a shading coil. This coil produces a 
sweeping movement of field across pole face for 
starting. 

SHADOW MASK: See aperture mask. 

SHIELD: Partition or enclosure around components 
in circuit to minimize effects of stray magnetic and 
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radio frequency fields. 

SHORT CIRCUIT: Direct connection across source 
which provides zero resistance path for current. 
SHOT EFFECT: Noise in electron tube results from 

variation in rate of electron emission from cathode. 

SHUNT: To connect across or parallel with circuit or 
component. 

SHUNT: Parallel resistor to conduct excess current 
around meter moving coil. Shunts are used to 
increase range of meter. 

SHUNT GENERATOR: Source of electrical energy 
whose field windings are connected across armature 
in shunt with load. 

SIDEBANDS: Frequencies above and below carrier 
frequency as result of modulation. Lower frequen- 
cies are equal to the difference between carrier and 
modulating frequencies. Upper frequencies are equal 
to the carrier plus modulating frequencies. 

SIDE CARRIER FREQUENCIES: Waves of frequen- 
cies equal to sum and difference between carrier wave 
frequency and modulating wave frequency. 

SIEMEN: Unit for conductance. 

SILICON: A special quadvalent material found in most 
transistors. It conducts the flow of electricity from 
one pathway to another. 

SILICON CONTROLLED RECTIFIER (SCR): A 
three junction device (anode, gate, and eathode) that 
is usually open until a signal on the gate switches 
it on. 

SILVER OXIDE BATTERY: A compact primary cell 
used mainly for LCD watches. 

SINE WAVE: A graphical representation of a wave 
whose strength is proportional to the sine of an angle 
that is a linear function of time or distance. 

SINGLE-PHASE MOTOR: Motor which operates on 
single-phase alternating current. 

SINUSOIDAL: Wave varying in proportion to sine of 
angle. 

SKY WAVE: Waves moving toward sky from radio 
antenna. 

SLIP RINGS: Metal rings connected to rotating 
armature windings in generator. Brushes sliding on 
these rings provide connections for external circuit. 

SOCKET: Device for holding lamp or electron tube. 

SOFT TUBE: Gaseous tube. 

SOFTWARE: A set of instructions used to run a 
computer. 

SOLENOID: Coil of wire carrying electric current 
possessing characteristics of magnet. 

SOLID-STATE: Electronic devices such as transistors 
and other solid substances, as opposed to vacuum 
tubes or electromechanical relays. 

SOURCE OF SUPPLY: The device attached to input 
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of circuit which produces electromotive force. May 
be generator, battery, or other device. 

SPACE CHARGE: Cloud of electrons around cathode 
of an electron tube. 

SPECIFIC GRAVITY: Weight of liquid in reference 
to water which is assigned value 1.0. 

SPLIT-PHASE MOTOR: Single-phase induction 
motor, which develops starting torque by phase 
displacement between field windings. 

SQUARE LAW DETECTOR: Detector whose output 
voltage is proportional to square of effective input 
voltage. 

SQUIRREL CAGE ROTOR: Rotor used in an induc- 
tion motor made of bars placed in slots of rotor core 
and all joined together at ends. 

STAGE: Section of an electronic circuit, usually con- 
taining one electron tube and associated components. 

STANDING WAVE: Wave in which ratio of instan- 
taneous value at one point to that at another point 
does not vary with time. Waves appear on transmis- 
sion line as a result of reflections from termination 
of line. 

STANDING WAVE RATIO: Ratio of effective 
voltage at loop of standing wave to effective voltage 
at node. Also called effective current. Also ratio of 
characteristic impedance to load impedance. 

STATIC CHARACTERISTICS: Characteristics of 
tube taken with constant plate voltage. 

STATIC CHARGE: Charge on body either negatively 
or positively. 

STATIC ELECTRICITY: Electricity at rest as opposed 
to electric current. 

STATOR: Stationary coils of an ac generator. 

STEADY STATE: Fixed nonvarying condition. 

STORAGE BATTERY: Common name for lead-acid 
battery used in automotive equipment. 

STRATOSPHERE: Atmosphere above troposphere in 
which temperature is constant and there is no cloud 
formation. 

STYLUS: Phonograph needle or jewel, which follows 
grooves in a record. 

SUBHARMONIC: Frequency below harmonic, usually 
fractional part of fundamental frequency. 

SULFATION: Undesirable condition of lead-acid 
battery caused by leaving it in discharged condition 
or by improper care. Sulfates forming on plates make 
battery partially inactive. 

SUPERSONIC: Frequencies above audio frequency 
range. 

SURFACE ALLOY TRANSISTOR: Silicon junction 
transistor, in which aluminum electrode are 
deposited in shallow pits etched on both sides of thin 
silicon crystal, forming P regions. 

SUPERHETERODYNE: Radio receiver in which 
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incoming signal is converted to fixed intermediate 
frequency before detecting audio signal component. 

SUPPRESSOR GRID: Third grid in electron tube, 
between screen grid and plate, to repel or suppress 
secondary electrons from plate. 

SWEEP CIRCUIT: Periodic varying voltage applied 
to deflection circuits of cathode ray tube to move 
electron beam at linear rate. 

SWITCH: Device for directing or controlling current 
flow in circuit. 

SYNCHRO: Electromechanical device used to transmit 
angular position of shaft from one position to 
another without mechanical linkage. 

SYNC PULSE: Abbreviation for synchronization 
pulse, used for triggering an oscillator or circuit. 

SYNCHRONOUS: Having same period or frequency. 

SYNCHRONOUS MOTOR: Type of ac motor which 
uses a separate dc source of power for its field. It 
runs at synchronous speed under varying load 
conditions. 

SYNCHRONOUS VIBRATOR: Vibrator with addi- 
tional contact points to switch output circuit so 
current is maintained in one direction through load. 

SYSTEM: An assembly of parts linked into an organ- 
ized whole. 
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TANK CIRCUIT: Parallel resonant circuit. 

TAP: Connection made to coil at point other than its 
terminals. 

TELEVISION: Method of transmitting and receiving 
visual scene by radio broadcasting. 

TELEVISION CHANNEL: Allocation in frequency 
spectrum of 6 MHz assigned to each television sta- 
tion for transmission of picture and sound 
information. 

TETRODE: Electron tube with four elements including 
cathode, plate, control grid, and screen grid. 

THERMAL RUNAWAY: In transistor, regenerative 
increase in collector current and junction 
temperature. 

THERMIONIC EMISSION: Process in which heat 
produces energy for release of electrons from sur- 
face of emitter. 

THERMISTOR: Semiconductor device which changes 
resistivity with change in temperature. 

THERMOCOUPLE METER: Meter based on prin- 
ciple that if two dissimilar metals are welded together 
and junction is heated, a dc voltage will develop 
across open ends. Used for measuring radio 
frequency currents. 

THETA (6): Angle of rotation of vector representing 
selected instants at which sine wave is plotted. 
Angular displacement between two vectors. 
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THORIATED TUNGSTEN: Tungsten emitter coated 
with thin layer of thorium. 

THREE-PHASE ALTERNATING CURRENT: Com- 
bination of three alternating currents have their 
voltages displaced by 120 deg. or one-third cycle. 

THRESHOLD OF SOUND: Minimum frequency at 
which a sound can be heard. 

THYRATHRON: Gas-filled tube in which grid is used 
to control firing potential. 

TICKLER: Coil used to feed back energy from out- 
put to input circuit. 

TIME CONSTANT (RC): Time period required for 
the voltage of a capacitor in an RC circuit to increase 
to 63.2 percent of maximum value or decrease to 36.7 
percent of maximum value. 

TONE CONTROL: Adjustable filter network to 
emphasize either high or low frequencies in output 
of audio amplifier. 

TRANSCONDUCTANCE: Grid plate transconduc- 
tance of vacuum tube expressed as ratio of small 
change in plate current to small change in grid 
voltage while plate voltage is held constant. 
Measured in siemens. Its symbol is gm. 

TRANSDUCER: Device by which one form of energy 
may be converted to another form, such as electrical, 
mechanical, or acoustical. 

TRANSFER CHARACTERISTIC: Relation between 
input and output characteristics of device. 

TRANSFORMER: Device which transfers energy from 
one circuit to another by electromagnetic induction. 

TRANSFORMERS, 

ISOLATION: Transformer with one-to-one turns 
ratio. 

STEP-DOWN: Transformer with turns ratio greater 
than one. The output voltage is less than input 
voltage. 

STEP-UP: Transformer with turns ratio of less 
than one. Output voltage is greater than input 
voltage. 

TRANSIENT RESPONSE: Response to momentary 
signal or force. 

TRANSISTOR: Semiconductor device derived from 
two words, transfer and resistor. 

TRANSISTOR-TRANSISTOR LOGIC (TTL): An 
arrangement of digital circuits using transistors to 
perform logic functions. 

TRANSMISSION LINE: Wire or wires used to con- 
duct or guide electrical energy. 

TRANSMITTER: Device for converting intelligence 
into electrical impulses for transmission through lines 
or through space from radiating antenna. 

TRF: Abbreviation for tuned radio frequency. 

TRIAC: A full-wave silicon switch. 

TRIODE: Three-element vacuum tube, consisting of 
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cathode, grid, and plate. 

TRIVALENT: Semiconductor impurity having three 
valence electrons. Acceptor impurity. 

TROPOSPHERE: Lower part of atmosphere where 
clouds form and temperature decreases with altitude. 

TRUE POWER: Actual power absorbed in circuit. 

TUNED AMPLIFIER: Amplifier employing tuned cir- 
cuits for input and/or output coupling. 

TUNED CIRCUIT: Circuit containing capacitance, 
inductance, and resistance in series or parallel. When 
energized at specific frequency known as its reso- 
nant frequency, an interchange of energy occurs 
between coil and capacitor. 

TURNS RATIO: Comparison of number of turns of 
primary winding of transformer to number of turns 
of secondary winding. 


U 


ULTRA HIGH FREQUENCY (UHF): Television 
frequenices that cover channels 14-83. 

UNIJUNCTION TRANSISTOR (UJT): A three ter- 
minal transistor that has an emitter and two bases. 

UNITY COUPLING: Two coils positioned so all lines 
of magnetic flux of one cell cut across all turns of 
second coil. 

UNIVERSAL MOTOR: Series ac motor which 
operates also on dc. Fractional horsepower ac-dc 
motor. 

UNIVERSAL TIME CONSTANT CHART: Graph 
with curves representing growth and decay of 
voltages and currents in RC and RL circuits. 


V 


VALID LOGIC HIGH: The operating voltage required 
for a digital circuit to be in the 1, or ON position. 
Voltage range is usually 2 to 5 volts. 

VALID LOGIC LOW: The operating voltage required 
for a digital circuit to be in the 0 or OFF position. 
Voltage range is usually 0 to 1.5 volts. 

VALVE: British name for vacuum tube. 

VARIABLE MU TUBE: Tube with increased range 
of amplification due to its remote cutoff 
characteristics. 

VECTOR: Straight line drawn to scale, showing direc- 
tion and magnitude of a force. 

VECTOR DIAGRAM: Diagram showing direction and 
magnitude of several forces, such as voltage and cur- 
rent, resistance, reactance, and impedance. 

VELOCITY FACTOR: Speed of propagation of signal 
along transmission line compared to speed of light. 

VERTICAL POLARIZATION: Antenna positioned 
vertically so its electric field is perpendicular to 
earth’s surface. 
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VERY LARGE SCALE INTEGRATION (VLSI): ICs 
with over 1000 components. 

VIBRATOR: Magnetically operated interrupter, 
similar to buzzer, to change steady state dc to 
pulsating ac. 

VIDEO AMPLIFIER: Used to amplify video 
frequencies. 

VIDEO SIGNAL: Electrical signal from studio camera 
used to modulate TV transmitter. 

VOICE COIL: Small coil attached to speaker cone, 
to which signal is applied. Reaction between field 
of voice coil and fixed magnetic field causes 
mechanical movement of cone. 

VOLT: Unit of measurement of electromotive force 
or potential difference. Its symbol is E in electricity 
and V in semiconductor circuits. 

VOLTAGE: The force or difference in potential which 
causes electrons to flow. 

VOLTAGE DIVIDER: Tapped resistor or series 
resistors across source voltage to multiply voltages. 

VOLTAGE DOUBLER: Rectifier circuit which pro- 
duces double the input voltage. 

VOLTAGE DROP: Voltage measured across resistor. 
Voltage drop is equal to product of current times 
resistance in ohms. E = IR. 

VOLTAGE MULTIPLIER: Rectifier circuits which 
produce output voltage at multiple greater than input 
voltage, usually doubling, tripling, or quadrupling. 

VOLTAGE REGULATOR TUBE: Cold cathod gas- 
filled tube which maintains constant voltage drop 
independent of current, over its operating range. 

VOLTAIC CELL: Cell produced by suspending two 
dissimilar elements in acid solution. Potential dif- 
ference is developed by chemical action. 

VOLTMETER: Meter used to measure voltage. 

VOLT-OHM-METER: A portable multimeter. 

VR TUBE: Gas-filled, cold cathode tube used for 
voltage regulation. 

VTVM: Vacuum Tube Volt Meter. 

VU: Number numerically equal to number of decibels 
above or below reference volume level. Zero vu 
represents power level of one milliwatt dissipated in 
600 ohm load or voltage of .7746 volts. 


W 


WATT: Unit of measurement of power. 
WATT-HOUR: Unit of energy measurement, equal to 
One watt per hour. 


WATT-HOUR METER: Meter that shows instan- 
taneous rate of power consumption of device or 
circuit. 

WATTLESS POWER: Power not consumed in an ac 
circuit due to reactance. 

WATTMETER: Meter used to measure power in watts. 
WAVELENGTH: Distance between point on loop of 
wave to corresponding point on adjacent wave. 
WAVE METER: Meter to measure frequency of wave. 

WAVE TRAP: Type of band reject filter. 

WEAK-SIGNAL DETECTOR: Unit that detects signal 
voltages having amplitudes of less than one volt. 

WHEATSTONE BRIDGE: Bridge circuit used for 
precision measurement of resistors. 

WORK: When a force moves through a distance, work 
is done. Work in foot-pounds = Force x Distance. 

WORKING VOLTAGE: Maximum voltage that can 
be steadily applied to capacitor without arc-over. 

WOW: Low-frequency flutter resulting from variation 
in turntable speeds. 

WWV and WWVH: National Bureau of Standards 
Radio Stations in Washington, DC and Hawaii 
respectively. 


X 


X AXIS: Optical axis of crystal. Axis through corners 
of hexagonal crystal. Horizontal axis of graph. 
X-CUT CRYSTAL: Cut perpendicular to X axis. 


Y 


YAGI ANTENNA: Dipole with two or more director 
elements. 

Y AXIS: Vertical axis of graph. Axis drawn perpen- 
dicular to faces of hexagonal crystal. 

Y-CUT CRYSTAL: Cut perpendicular to Y axis. 

YOKE: Coils places around neck of TV picture tube 
for magnetic deflection of beam. 


Z 


Z AXIS: Optical axis of crystal. 

ZENER DIODE: Silicon diode which makes use of the 
break down properties of a PN junction. If a reverse 
voltage across the diode is progressively increased, 
a point will be reached when the current will greatly 
increase beyond its normal cutoff value. This voltage 
point is called the Zener voltage. 

ZERO REFERENCE LEVEL: Power level selected as 
reference for computing gain of amplifier or system. 
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AC-DC supply, 242 
Acceptor, circuit, 166, 167 
AC meters, 121, 122 
AF amplifiers, 354 
Alignment, 339, 340 
Aklaline cell, 43 
Alternating current, 104-108 
Alternator, 107 
Amalgamation, 43 
Ammeters, 64, 112, 113 
Ampere (AMP), 28 
Amplifier, 247 

circuits, 247-250 

operation, 251, 252 
Amplifiers, classes of, 254 
Amplifiers and linear integrated circuits, 247-270 
Amplitude modulation (AM), 310-313 
Amplitude modulated (AM) receiver, 324-326 
AM transmitter project, 318, 319 
AND gates, 278, 279 
Angle of declination or variation, 86 
Anode, 202 
Antenna coil, 324 
Arithmetic/logic unit (ALU), 373, 380 
Armature, 92 
Armstrong oscillator, 294, 295 
Atomic characteristics, 199, 200 
Atomic number, 20 
Atomic weight, 20 
Audio amplifier, 332, 333 
Audio preamplifier, 332 
Automatic gain control (AGC), 331, 332, 354 
Automotive and industrial, 262, 263 
Autotransformers, 138 


B 
Basic 
analog meter movement, 111-113 
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cathode ray tube controls, 352 
circuits, 57-69 

electronic devices, 199-214 
magnetic principles, 85-88 
oscillators, 293-295 

Battery, 46, 47 

Battery capacity, 50 

Bias, methods of, 249, 250 
Biasing, 248, 249 

Binary bingo, 284-289 

Binary numbering system, 274-276 
Bits, nibbles, and bytes, 277 
Black and white TV receiver, 353, 354 
Black pedestal, 351 

B+ voltage, 354 

Breadboard, 59 

Bridge rectifier, 234, 235 
Broadcast band, 311 

Bypassing, 173, 174 


C 

Cable TV, 363 

Capacitance 

and the capacitor, 149, 150 
in ac circuits, 159, 160 

in electrical circuits, 149-163 
Capacitor input filter, 236 
Capacitors, 222 

can type electrolytic, 151-153 
ceramic, 154 

fixed paper, 150 

mica, 155 

rectangular oil filled, 150 
tantalum, 155, 156 
transient response, 156-159 
trimmer, 155 

tubular electrolytic, 153 
types, 150-156 

variable, 150 
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Career opportunities, in electronics, 387-394 history of, 369, 370 

Careers, Conduction of electricity, 200, 201 
finding a, 387, 388 Conductive pathway, 58, 59 
information sources, 391 Conductors, 24, 29 

in the electronics industry, 388-392 conductance, and insulators, 29-31 
semiskilled workers, 389 insulators, and semiconductors, 27-39 
skilled workers, 389, 390 length of, 33 

Cascading, 255 surface area of, 32 

Cathode ray tube controls, basic, 352 Connecting meters in a circuit, 63, 64 
Cathode ray tube (CRT), 213 Constant speed motor, 183 
Cathodes, 202, 209 Control grid, 210 

Cell, Controlling unit (CU), 373 
alkaline, 43 Controls, 60-62 
lead acid, 48, 49 Control unit (CU), 379, 380 
mercury, 44 Copper losses, 101, 138 
nickel-cadmium rechargeable, 45, 46 Coulomb, 23 
secondary, 47, 48 Counter EMF, 182 
Silver oxide, 44, 45 Coupling amplifiers, 255-261 
zinc-carbon, 43 Covalent bond, 200 

Center frequency, 313 Crystal oscillator, 296, 297 

Central processing unit (CPU), 373, 379, 380 Crystal radio, 343, 344 

Chemical action, 41-51 D 

Choke input filter, 237 


Damper, 354 
DC motors, 183-187 
DC restoration, 354 
DC versus AC, 99 

Deflection yoke, 350 

Delta-type tube, 355 
Depolarizing agent, 42 Ie 
Detection, 326 
Detector, 331 
Dielectric field, 23 

Digital 

fundamentals, 274-277 

IC construction projects, 284-289 
meters, 117-119 

Digital circuits, 273-290 

other, 284 

voltage logic levels, 276, 277 
Diode, 202, 210 

characteristics and ratings, 204 
detector, 326 

transistor logic, 283 
Direct coupling, 259 
Direct current, pulsating, 99 
Direct current, pure, 99 
Direction of current, 29 
Discriminator, 341 
Donor impurities, 201 


Circuit, 

acceptor, 166, 167 

basic, 62, 63 

breaker, 62, 93 

combination, 63, 76-78 

connecting meters, 63, 64 

fundamentals of, 57-63 

magnetic, 89, 90 

open, 58 

parallel, 62, 74-76 

printed, 58-60 

reject, 169, 170 

series, 62, 71-73 

series-parallel, 63 

tank, 167, 168 
CMOS logic, 283 

Collector junction, 248 
Color coding resistors, 36, 37 
Color TV receiver, 354-356 
Colpitts oscillator, 296 
Combination circuit, 63 
Combination circuits (series-parallel), 76-78 
Common base (CB), 253 
Common collector, 253 
Common emitter (CE), 253 
Commutation and interpoles, 183 


Commutator, Door bell and buzzer, 93, 94 
Communication model, 305-307 : 
pee: 11. 12 Doping, 201, 202 
Communication systems, 11, Do eal, ae 
Compound, 19 
Compound dc motors, 184, 185 E 
Computer developments, twentieth century, 370 Eddy current, 101 
Computer operation, 373-382 Eddy current losses, 138 
Computers, 367-383 Education, 391, 392 
future, 381, 382 Eight-transistor superheterodyne radio, 344, 346 
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Electric 
current, 24, 28, 29 
current and magnetism, 88-91 
motors, 179-192 
voltage and current, 24 
Electrical bus, 58 
Electrical pressure, 27 
Electrical energy 
from heat, 52, 53 
from light, 51, 52 
from mechanical energy, 97-101 
from mechanical pressure, 54 
other sources, 51-54 
Electricity and electronics, 
in technology, 10-12 
milestones and events, 12-15 
science of, 19-25 
Electricity from magnetism, 54 
Electricity, sources of, 41-55 
Electrolyte, 42 
Electromagnets, 90 
Electromotive force (EMF), 27 
Electronics industries, types, 388 
Electrons, 20 
Electrons — protons — neutrons, 20 
Electrostatic fields, 23 
Elements, 19 
Emitter junction, 248 
ENIAC, 370 
Entrepreneurs, 391 
Equivalent resistance, 76 


F 

Factors affecting resistance, 32, 33 

Field, 350 

Field effect transistor (FET), 207, 208 

Field windings, 179 

Filtering action, 172, 173 

Filtering circuits, 172-177 

Filters, 235-237 

Fine tuning, 353 

First IF amplifier, 330, 331 

Floating ground, 242 

FM audio detector, 354 

FM detection, 341, 342 

FM receiver, 340-343 

Forward bias, 248 

Four-transistor radio, 344 

Frame, 350 

Frequency deviation, 314 

Frequency modulation (FM), 310, 313-316 

Frequency spectrum, 306, 307 

Full-wave rectification, 233-235 

Fundamentals of a circuit, 57-63 

Fundamentals of electricity and electronics technology, 
16, 17 

Fuse, 61 


G 
Generator, 54, 97-109 
alternating current, 106 
compound, 102, 103 
construction, 99-101 
independently excited field, 102 
losses, 101 
practical applications, 107 
series, 102 
shunt, 102 
types, 101-104 
Geostationary orbit, 359 
Gain, 246 
computing, 252 
current, 252 
power, 252 
Galvanometer, 53 
Gilberts, 89 
Ground waves, 318 


H 
Half-wave rectification, 233 
Hartley oscillator, 295 
Headphones, 336-339 
dynamic, 337, 338 
electrostatic, 338, 339 
Heat sinks, 255 
High-pass filter, 174 
High retentivity, 90 
High voltage rectifier, 354 
Horizontal AFC, 354 
oscillator, 354 
output, 354 
output transformer (HOT), 354 
Hydrometer, 49 
Hysteresis loss, 101 
Hysteresis losses, 138 


l 

IC construction, 218-223 
IC use in superheterodyne receivers, 333-335 
ICs, common types, 223 

IF amplifiers, 330, 331 

Ignition system, 139 

Impedance, 143 

Induced current and voltage, 141, 142 
Inductance, 131-134 

and RL circuits, 131-146 

in ac circuits, 141-145 

Induction coil, 138, 139 

Induction motors, 187-192 
Information systems, 10 
Input/output devices, 374-379 

Inputs, 374-376 

Instruments and measurements, 111-125 
Insulators, 31 

Integrated circuits, 217-224 

Integrated circuits, history of, 218 
Intercalation, 44 
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Intermediate frequency (IF), 327, 330 
Inverted diode, 233 

Ionization, 21 

Ionosphere, 318 

IR drop, 72 

Iron vane meter movement, 119, 120 
IPR loss, 101 


J 
Job search ideas, 393,394 


K 

Kilovolt (kV), 28 
Kirchhoff’s Current Law, 76 
Kirchhoff’s Voltage Law, 73 


L 


Lattice crystalline, 200 

Law of charges, 21-23 

Laws of magnetism, 86, 87 

Local action, 43 

Lead acid cells, 48, 49 

Left hand rule for a coil, 89 

Left hand rule for a conductor, 88 
Lenz’s Law, 98 

Light emitting diode (LED), 118, 205 
Linear IC construction projects, 263-269 
Linear integrated circuits, 261-263 
Liquid crystal display (LCD), 118 
Loading a circuit, 122 

Loading the tank circuit, 171 
Load resistor, 237, 238 

Loads, 57, 58 

Local oscillator, 329, 330 
Lodestones, 85 

Logic families, 283, 284 

Logic gates, 278-282 

Low-pass filters, 174 

Low retentivity, 90 

L section filter, 237 


M 

Magnetic 

circuits, 85, 89, 90 

flux, 88 

induction, 97 

poles, 85 

principles, basic, 85-88 
recording tape, 87 

shields, 94 
Magnetism, 85-95 
Magnetism, third Law of, 88 
Material, kind of, 32, 33 
Material, temperature of, 33 
Matter, 19 
Matter, nature of, 19-21 
Megaphone amplifier, 266, 267 
Megavolt (MV), 28 
Memory, 380 
Mercury cell, 44 
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Meters, how to use, 123 
Microamp (nA), 29 


Microcomputers vs minicomputers, 370-373 


Microphones, 308-310 

carbon, 308 

crystal, 309 

dynamic, 309 

velocity, 310 
Microprocessors, 380, 381 
Microvolt (4V), 28 

Milestone and events in electricity, 12-15 
Milliamp (mA), 29 

Millivolt (mV), 28 

Mixer, 327-329, 353 
Modulation, 310 

index, 315 

patterns, 311, 312 

percent of, 315 

Molecule, 19 

Molecule and the atom, 19, 20 
Morse code oscillator, 297, 298 
Motor operation principles, 179-182 
Motor starting circuits, 185, 186 
Multimeter, 116-119 

Multiplier resistors, 114 

Mutual inductance, 134-141 


N 

NAND gate, 280, 281 

Narrow band FM, 315 

Negative ion, 21 

Negative ion emissions, 352 
Nickel-cadmium rechargeable cell, 45, 46 
NPN and PNP transistors, 247, 248 
Noise limiting, 342 

Nomograph, 175-177 

NOR gate, 281 

NOT gates, 278, 280 

Nucleus, 20 


O 

Ohm, 31 

Ohmmeters, 36, 115, 116 
Ohm's Law, 31, 32, 64, 65 
and Watt's Law, 67, 68 
for ac circuits, 144, 145 
in series circuits, 72 
Open circuit, 58 
Operational amplifiers, 262 
OR gates, 278, 279 
Oscillators, 293-299 

basic, 293-295 
Armstrong, 294, 295 
Colpitts, 296 

crystal, 296, 297 

Hartley, 295 

power, 297 

projects, 297-299 
Oscilloscope, 123 
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Outputs, 376-379 R 
Overloading, 61 Radio and TV, 262, 263 


Pp Radio transmitter, 308-310 


GA Radio wave, 316-318 
Paging amplifier, 268, 269 receivers. 323.347 


Parallel and series circuits, 158, 159 rard 

Parallel circuits, 62, 74-76 nao (6200 

Po cnt, e Random access memory, (RAM), 380 
Peak inverse voltage (PIV), 204 Ratio detecto 0540 

Fenlieeks, 211, 212 RC coupling, 256-259 


Female, pepe RCL networks, 165-172 
ERS CNS) CONTI, a RC, parallel circuit, 162 
Photoelectric control, RC me contani 157 


FLOSS, ¿ll Reactive power, 142, 160, 161 


ee a B: Read only memory (ROM), 380 
icture elements, 34% Reed relay, 93 


Piezoelectric effect, 54, 296 
PIX-IF amplifiers, 353 
PM speaker, 336 
Point contact diodes, 203 
Polarity and meters, 63, 64 
Polarization, 42, 317 
Portable stereo amplifier, 263, 264 
Portable stereo speakers, 265, 266 
Positive ion, 21 
Potentiometer, 35 
Power 
and Watt’s Law, 66 
factor, 142, 161 
in a series circuit, 73 
oscillators and converters, 297 
supplies, 231-245 
transformer, 232 
Power supply 


Regulation, voltage and current, 103, 104 
Reject circuit, 169, 170 
Relay, 91-94 
Relay, reed, 93 
Reluctance, 89 
Repulsion induction motor, 191 
Residual magnetism, 90 
Resistance, 31-33 
and capacitance in an ac circuit, 161, 162 
and inductance in an ac circuit, 143, 144 
Resistive loads, 57 
Resistors, 33-37, 222 
Resistors, color coding, 36, 37 
Resistor-transistor logic, 283 
Respective reaction equations, 44 
Resonance, 165, 166 
Reverse bias, 248 
RF amplification, 325 


on 243 RF amplifier, 353 
cos, AMA RL, parallel circut, 145 
0-15 volt de low amperage, 243, 244 RMS. 106 

Prefixes, 28 ‘ 

Primary cell, 42 S 


Primary cells, defected, 42, 43 
Printed circuit, 58-60 
Printhead, 376 
Professionals, 390, 391 
Programmable read only memory (PROM), 380 
Project, 
AM transmitter, 318, 319 
digital IC construction, 284-289 
linear IC construction, 263-269 
oscillator, 297-299 
owl, 157, 158 
radio receiver, 343-346 
Projection TV, large screen, 358, 359 
Protons, 20 
Push-pull coupling, 260, 261 
Pyrometer, 53 
Pythagorean theorem, 143 


Satellite transmission, 360-362 

Satellite TV, 359-362 

Scanning, 350, 351 

Schematics, 58 

Science of electricity and electronics, 19-25 

Screen grid, 211 

Secondary cells, 47, 48 

Secondary emission, 211 

Self-inductance, 132 

Semiconductor diodes, 202, 203 

Semiconductors, 37, 38, 199-202 

Series and parallel inductance, 

Series and parallel rectifier arrange- 
ments, 204 

Series circuits, 62, 71-73 

Series dc motor, 184 

Series, parallel and combination circuits, 71-79 

Q Series-parallel circuit, 63 

Q of tuned circuit, 170, 171 Shaded pole motor, 191, 192 
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Shadow mask picture tube, 355 

Shielding, 94 

Short, 58 

Shunt, 112 

Shunt dc motor, 183, 184 

Sideband frequencies, 310 

Sideband power, 312 

Siemens, 30 

Signal generator, 297 

Silicon rectifiers, 204 

Silver oxide cell, 44, 45 

Sine wave, 99 

Single battery circuit, 249 

Single-phase induction motors, 
190, 191 

Sky waves, 318 

Software, 381 

Solenoid, 89 

Solenoid sucking coil, 90, 91 

Sources of electricity, 41-55 

Specific gravity, 49 

Speed regulation, 183 

Splatter, 311 

Squawker, 298, 299 

Static electricity, 21-24 

Storage devices, 380 

Superheterodyne receiver, 327-336 

Suppressor grid, 211 

Switches, 60 

Sync amplifier, 354 

Synchronization pulse, 350 

Sync separator, 354 


T ; 
Tank circuit, 167, 168 
Taps, 136, 137 
Technicians, 390 
Technology of the information age, 9-15 
Television, 349-364 
cameras, 349, 350 
channel, 356-358 
innovations, 358-363 
signals, 349-352 
Television receivers, 353-358 
black and white, 353, 354 
color, 354-356 
Testing diodes, 204 
Tetrodes, 211 
Three-phase induction motor, 189, 190 
Thermal considerations, 254, 255 
Thermal runaway, 255 
Thermionic emission, 209 
Thermionic emitters, 209 
Thermistor, 36 
Thermocouple, 52 
Thermopile, 53 
Third Law of Magnetism, 88 
Thyristor motor controls, 186, 187 
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Time constant, 134 
Tone controls, 339 
Transducers, 336-340 
Transformer, 135-138 
coupling, 256 
losses, 138 
phase relationship, 139, 140 
power, 137, 138 
reason for using, 138 
Transient responses, 133, 134 
Transistor, 206-208 
circuit configurations, 253-255 
precautions, 255 
transistor logic (TTL), 283 
Transistorized telephone amplifier, 268 
Transistorized transmitters, 312, 313 
Transportation systems, 12 
Triodes, 210, 211 
Truth table, 278 
Tuned circuits and RCL networks, 165-177 
Tuned circuit filters, 175 
Tuned radio frequency (TRF), 324 
Tuning circuit, 324, 325 
Turns ratio and voltage ratio, 135, 136 
Twentieth century computer developments, 370 


U 


Unidirectional conductor, 51 
Universal motor, 187 


V 
Vacuum tubes, 209-213 
Valence electrons, 200 
Vector, 105 
Vertical oscillator, 354 
Vertical output, 354 
Vestigial sideband filter, 311 
Video amplifier, 353 
Video cassette recorders, 358 
Video detector (demodulator), 353 
Voltage, 24, 27, 28 
and current regulation, 103, 104 
doublers, 241, 242 
drop, 72 
regulation, 237-241 
regulator circuit, 239-241 
regulators and references, 261, 262 
sources, 27, 28, 57 
Voltaic cell, 42 
Voltmeters, 63, 114-116 
Voltmeter sensitivity, 115 
Volt-ohm-meter (VOM), 116, 117 
Volts, 28 


W 

Wattless power, 160 
Wattmeter, 120, 121 
Wheatstone bridge, 119 
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X Z 
XNOR gate, 282 Zener diode, 238, 239 
XOR gate, 281, 282 Zinc-carbon cell, 43 
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